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Rubey Engineering Surveys— 
Lommel Elementary 


third edition 


With changes resulting from suggestions of users of 
the text and changes in surveying practices, textual 
accuracy has been sharpened and illustrations, maps, 
etc., have been brought up to date. The chapter on 
land surveying has been extensively revised. 


144 pp. $4.25 


Rubey Engineering Surveys— 


Lommel Elementary and Applied 
Todd 
revised edition 

This volume combines the elementary book described 
above with a new section on applied surveying with 
emphasis on topographic engineering, engineering 
astronomy and photogrammetry. Photogrammetry 
has been enlarged and brought up to date. 


891 pp. $5.75 


Sharp Practical Photogrammetry 


An up-to-date, concise investigation of the field of 
photographic surveying, this text combines the funda- 
mental theory of both aerial and terrestial photogram- 
metry with practical step-by-step discussions of its 
important applications. 


229 pp. $3.75 


MACMILLAN COMPANY 
60 FIFTH AVE., NEW YORK 11, N.Y 


: 
; 
4 
q 


NCW 
GAS TURBINE 
POWER 


G. M. — 


Professor of Mechanical Engineering 
The Pennsylvania State College 


A new text written from the viewpoint of the 
Mechanical Engineer and intended for use in the 
junior or senior course on GAS TURBINES. The 
primary objective of this book is to guide the stu- 
dent in applying the principles of gas turbine power. 
The gas turbine is viewed as a versatile prime mover 
and the emphasis is placed on the basic thermody- 
namic and heat balance aspects rather than on the 
specialized aerodynamic applications as is the case 
in most existing texts. 


Contains ample illustrative and practice problems plus 
an extensive bibliography of the literature in the field. 


1952 253 pages $4.50 | 
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Mathematical 
OLDENBURGER Engineering 
Analysis 


This book is devoted to the setting up of engineering 
problems in mathematical form. The theory of the 
various fields of engineering is developed from a mini- © 
mum number of assumptions so that the reader will 
have a simple and logical picture of the entire domain 
of engineering and the underlying physics. Several 
principles and techniques for making simplifying as- 
sumptions are given. 


426 pp. $6.00 
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Networks 


Here is a text for standard courses in communications 
and networks in departments of electrical engineering 
where consideration is given to the theory and its ap- 
plications to transmission lines and electric wave 
filters. It is notable for its coverage of pertinent 
problems associated with transmission lines in low- 
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413 pp. $3.75 


Send for Examination Copies 


ITHE MACMILLAN COMPANY 
60 FIFTH AVE., NEW YORK 11, N_Y 


3 


Texas, 
ersity, 
American 
Bronwell, 
1s. second 
2, 1912. 
: 


At a meeting of scientists in 1938, 
several were discussing the use of 
nuclear energy as a possible source 
of large amounts of energy. Among 
those engaging in the discussion 
was Dr. W. E. Shoupp, then a Re- 
search Fellow at the Westinghouse 
Research Laboratories. 

Dr. Shoupp went back to the 
laboratory, determined to find some 
answers to the subject. Making use 
of the new Westinghouse atom 
smasher, he and other nuclear 
scientists did some pioneering re- 
search, culminating in the discovery 
that a uranium atom could be 
split into two equal fragments by 
the impact of high-speed gamma 
rays, with commensurate release of 
large amounts of energy. This they 
called “‘photo-fission”. 


Adventurers 
in Research... 


Dr. W. E. Shoupp 
SCIENTIST 


Director of Development of Atomic 
Power Division of Westinghouse. He was 
graduated from Miami University, Ox- 
ford, Ohio, in 1931, and received his 
Ph. D. from the University of Illinois 
in 1937. He joined Westinghouse in 
1938 as a Research Fellow. In 1941 he 
became a research scientist in the East 
Pittsburgh Laboratory, and in 1943 
was made Manager of the Electronics 
Department. Prior to his present po- 
sition, he was Director of Research of 
the Atomic Power Division. 


His work also included determi- 


nation of the amount of neutron 
energy required to cause uranium 
and thorium to fission. This con- 
tributed to the basic understanding 
of the nuclear fission process and to 
the development of the atomic 
bomb and atomic energy. 

Current research work under the 
supervision of Dr. Shoupp includes 
developments in connection with an 
atomic energy plant for the first 
atomic submarine and another plant 
suitable for the propulsion of large 
vessels such as aircraft carriers. 

Dr. Shoupp is particularly proud of 
the fact that Westinghouse has been 
able to attract to the work of atomic 
power development, scientists of 
the highest caliber. Westinghouse 
Electric Corp., Pittsburgh, Penna. 
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Mortarboards and Drafting Boards 


@ur point of view at General 
Motors can be called in all 
honesty — academic! 


For we think that the graduates 
who come to us from America’s 
engineering schools should never 
lose their academic approach to 
science. 


We believe they should be just as 
hopeful and trustful of scientific 
progress as they were the day 
they donned their mortarboards 
and gowns on graduation day. 


For General Motors knows an 
engineer can help us build more 


and better things for more 
people only if he retains the faith 
and the vision he then gained. 


This — in all probability — is a 
very real reason why graduate 
engineers find the right career 
climate at General Motors 
from their first job — whether 
on drafting board, in lab., or 
wherever their capabilities direct 
them. 


And why these ever young men 
succeed so well in helping us 
maintain leadership in our many 
engineering fields. 


GENERAL MOTORS CORPORATION 


Personnel Staff, Detroit 2, Michigan 
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a growing company 


Aman can grow with a 


|S tense has had great growth. Today, it con- 
tinues to expand .. . and as it does, opportu- 
nity for those who work at Harvester expands too. 

Harvester’s new Motor Truck Engineering Labo- 
ratory at Fort Wayne, Indiana, is a good example. 
Here, spreading over 302,749 square feet of floor space, 
is the most modernly-equipped and designed research 
unit in the motor truck industry. It requires a staff 
of hundreds of skilled engineering and technical 
people. Here’s very real opportunity for capable and 
ambitious young people. 

In the company as a whole, there are today more 
research and engineering projects than ever before 
in the Company’s history. 

Harvester needs, wants and is looking for capable 
young people in these fields and in sales, production, 
and administration. Any graduate accepting a posi- 
tion at Harvester can rise as far as his abilities will 
take him. 


Testing connecting rods 
in Stress Lab 


A Cathode-Ray 
Oscillograph in use 


INTERNATIONAL warvester 


180 N. Michigan Avenue, Chicago 1, Illinois 


Builders of products that pay for themselves in use... 
International Trucks * McCormick Farm Equipment and Farmall Tractors 
Crawler Tractors and Power Units * Refrigerators and Freezers 
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THE VISUAL IMPACT OF A PHOTOELASTIC IMAGE 


Drives home the fundamentals of sculptured design for fatigue- 
tough structures @ No other method so quickly emphasizes 
the importance of stress neni e Chapman passa 


tories offer complete 
packages—Simple, ver- 
satile, budget priced. 


STRAIN FREE SQUARE 

EDGED MODELS MADE 

FROM TEMPLATE IN 
TEN MINUTES 


NO ANNEALING 
NO POLISHING 


COMPLETE KIT WITH 
FULL INSTRUCTIONS 
INCLUDING SUPPLY 
OF PLASTIC AND 
SAMPLE TEMPLATES 


*255.°° FOB 


5” POLARISCOPE AND 150 POUND 
LOADING FRAME 


MODEL MAKING KIT 


Brilliant image projected 
downward on sketching 
pad. 

Centralized controls of 
load—focus—azimuth. 
Instant selection of dual 
light source. 

Quarter wave plates in- 
stantly removable. 
Synchronized polarizer 
and analyzer. 

Requires desk top only 
10” wide x 45” overall 
length. 


Projection unit can be 
rotated to project bril- 
liant image on screen for 
group discussion. 


Complete *732.” FOB 


6”, 8’, and 10” research units with 500 pound loading frame. 
SEND FOR CATALOG 


Chapman Laboratories, P.0. 207, West Chester, Pa. 
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§ New wire spring relay. Older relays had flat 
metal springs and 70 parts to be handled, 
compared with 12 in the new model. Relays 
operate by means of an electromagnet which 
responds to high-speed pulses. 


New relays must be able to operate one bil- 
lion times—equal to once-a-second for 30 
years. Employing a sound recorder as a pre- 
cision vibrator, Bell scientists learned to 
evaluate the effect of sideways motion on 
relay life. Such rubbing motion is limited to 
one-thousandth of an inch in the new relays. 


even. faster 


In a split second, relays, which are high- 
speed switches, set up dial telephone con- 
nections. Then they are off to direct the next 
call. Yet even this speed is too slow for Bell 
Laboratories scientists in quest of still faster 
switching. 

Scientists and engineers devised a new 
telay—the wire spring relay—and worked out 
the production problem with Western Elec- | Dynamic Fluxmeter, developed by Bell Lab- 
tric, manufacturing unit of the Bell System. | Srapories, indicates flux build-up in intervals 
This is twice as fast, uses less power and costs | mation like this was essential to higher speed 
less to make and maintain. operation. 


With speedier relays, switching can be 
done with less equipment...and calls go 
through faster. The wire spring relay is a 
practical example of how Bell Telephone 
Laboratories and Western Electric pool their 
skills to improve telephone service while 
keeping its cost down. 


Bell Telephone 
i Rel i Ww 
= : apart for use. Molding technique saves time 
Improving telephone service for America provides and money . . . makes possible the mainte- 
careers for creative men in scientific and technical fields. nance of relays in precision adjustment. 
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‘NEW & FORTHCOMING BOOKS 


ENGINEERING MANUFACTURING METHODS 


By Grvsert S. SCHALLER, University of Washington. Ready in March 


An important new text for the standard course in manufacturing processes 
covering all the major aspects of engineering manufacture. Founding, ma- 
chining and welding are presented at length, while hot shaping, cold shaping, 
thermal treatment, and engineering materials are treated _in less detail. The 
sections on metal-casting and welding are outstanding. Full consideration is 
given to recent technological development and newer engineering materials. 
Manufacturing methods are closely correlated with engineering design and 
materials. 


SURVEYING: THEORY AND PRACTICE. New 4th Edition 


By Raymonp E. Davis, formerly of University of California, and Francts 
S. Foote, University of California, Berkeley. Ready in June 


This leading text and reference, thoroughly revised, covers elementary phases 
in considerable detail: fundamental relationships and techniques, operations 
common to all branches of surveying, and practice as extended to entire surveys. 
Much new material has been added. Emphasizing precision of measurement, 
computation, and plotting, this text is extremely thorough in its correct and 
clear treatment. 


MANUAL OF ENGINEERING DRAWING FOR STUDENTS 
AND DRAFTSMEN. New 8th Edition 


By Tuomas E. Frencu, and CHarLes J. Viercx, Ohio State University. 
Ready in March 


A new and reorganized edition vastly improved, this text is an established 
leader in the field of engineering drawing for students in colleges and technical 
schools and a valuable reference in the engineer’s library. It includes the 
penmanship of orthography, pictorial drawing, illustration, perspective, and 
dimensioning. Over a million copies of this famous encylopedia of engineering 
drawing are now in print. 


ELEMENTS OF INTERNAL COMBUSTION ENGINES 
By A. R. Rocowsk1, Massachusetts Institute of Technology. Ready in May 


This text is designed for the engineering student who does not wish to specialize 
in engines, but wishes a knowledge of the elements of the internal combustion 
engine. Here is a study of the effects of engine operating conditions on the 
physical and chemical processes occurring within the engine. The book is not 
intended to be concerned with maintenance or repair or design. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street #$™New York 36,N.Y. 
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The following six papers were presented at the ASEE Centen- 
nial Symposium on Engineering Education and Training under the 
Chairmanship of A. A. Potter, Dean of Engineering, Purdue Uni- 


versity, September 4, 1952. 


History of Engineering Education by Frederic T. Mavis 


Achievements to Date in Engineering Education by Thorndike 
Saville 


The Technical Institute—Its Relation to Engineering Educa- 
tion and Trade Training by C. W. Beese 


The Engineer and the Scientist by W. F. G. Swann 
Looking Ahead in Engineering Education by S. C. Hollister 
Looking Ahead in Engineering Education by L. M. K. Boelter 


History of Engineering Education 


* 


By FREDERIC T. MAVIS 


Professor and Head, Civil Engineering Department, 
Carnegie Institute of Technology 


Introduction 


Dr. Harry P. Hammond, Dean Emeri- 
tus of Engineering at the Pennsylvania 
State College, was originally scheduled 
to speak to you on this subject—and no 
one is better qualified than he to brief 
the history of engineering education. 
When he became ill early in June, I was 
invited to pinch-hit for him and to adapt 
for this meeting a talk I had given in 
March to the West Virginia Section of 
the American Society of Civil Engineers 
and excerpted in Carnegie Magazine in 
June under the title, “Our Engineering 
Heritage.” I am very happy to do this, 
realizing (as each of you does) that the 
history of engineering education can not 
be skimmed in thirty minutes, even with 
such able discussers to supplement or to 
correct what I may say. Moreover, the 
history of engineering education (which 
is my assignment) can only with diffi- 
culty be fenced off from the achievements 
in engineering education which is the 
topie assigned to Dean Saville who will 
speak to you later. Accordingly, I shall 
limit my remarks to origins and growth 
of engineering education and to the 
heritage of ideas that may help set up 
a reflective mood in this Centennial Sym- 
posium. 

Engineering in its broadest terms is the 
art of directing the great sources of 
power in Nature for the use and con- 
venience of man. It is an art as old as 
civilization itself, because men have al- 


*Presented at ASEE Centennial Sym- 
posium on Engineering Education and Train- 
ing, Chicago, Illinois, September 4, 1952. 
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ways had to wrestle with the power of 
Nature. 
Men must obey Nature’s unwritten 
law. They may yield to it passively 
. or by their ingenuity and enterprise 
bend it to their own convenience and 
use. Nature does not change her course 
because men argue—however eloquently 
—that things should not be as they are; 
nor is she impressed by strong muscles 
and bluster. Yet all around us there is 
evidence that fieree Nature can be trans- 
formed into a useful servant or a house- 
hold pet by those who will learn her 
ways, and plan ingenious means to work 
in harmony with her. The story of man’s 
learning and planning to adapt power in 
nature to his use and convenience is 
primary; the story of his teaching is 
secondary. Learning and teaching go to- 
gether, and a few diligent students will 
soon reflect the strength of their teachers 
... but what can a teacher do among 
“students” who will not learn? 

If engineering arts are as old as civili- 
zation, engineering education can not lag 
far behind. I shall fall back on legend 
and history to support what I have to say. 


The Mosaic Legend 


Probably no other legend is more 
deeply rooted in our mores than the 
legend of the creation and the fall of 
man—the legend of Adam and Eve, of 
Cain and Abel—and there has been much 
speculation about where Cain got his 
wife. The First Book of Moses is often 
tiresome with geneology and “begats,” 
but it merits thoughtful reading for my 
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present purpose of engineering and edu- 
cation. 

When Cain was banished, he got his 
wife from the land of Nod and raised 
his family there. (What engineering 
teacher doesn’t get his eight-o’clock classes 
from the same place and keep them there 
much of the time he is lecturing?) Ac- 
cording to this legend, Cain built a city 
which he named after his first son Enoch. 
Today, the job of planning cities, of 
building them, of supplying them with 
water and with facilities to remove wastes, 
of providing ways that men and goods 
can be transported efficiently in and be- 
tween cities, often of managing municipal 
enterprise itself ...is the work of a 
civil engineer. Whether Cain was the 
first woman-born civilized man is not im- 
portant; but the legend that he con- 
structed the first engineering works of 
civilized man by building a city is in- 
teresting. The Mosaic legend is not in 
conflict with my first premise that, what- 
ever it may have been called, civil engi- 
neering is coeval with civilization. And 
all other branches of engineering as we 
know them today—except strict military 
engineering—have grown from the main 
stem of civil engineering within the last 
hundred years. 

If you follow the line of “begats” you 
will find the sixth lineal descendant of 
Adam in the Cainite line is Lamech, son 
of Methusael, who introduced polygamy 
by marrying Adah and Zillah. Between 
A—and Z—he had three sons who fath- 
ered a good bit of civilized enterprises 
themselves. According to the Mosaic 
legend : 


“Jabal: he was the father of such as 
dwell in tents and such as have 
cattle.” (Genesis 4: 20.) 

“Jubal: he was the father of all such 
as handle the harp and organ.” 
(Genesis 4: 21.) 

“Tubal-cain, was an instructor of every 
artificer in brass and iron.” (Genesis 
4: 22.) 


If you follow the “begats” in the 
Sethite line you will find another Lamech, 
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who was a son of “old man” Methuselah 
and the father of Noah. Noah may have 
been the world’s first flood forecaster and 
shipping magnate! The Mosaic legend 
continues to say that— 


“Noah began to be an husbandman, and 
he planted a vineyard... .” (Gen- 
esis 9: 21.) 


and to suggest that he was the first man 
to become drunk by consuming too much 
of the wine that was produced on his 
lands. (Wine in those days was a com- 
modity much like money today!) 

So it is recorded in the Mosaic legend 
that commerce, music, and instruction in 
the mechanic arts had their beginnings in 
the seventh generation of descendants of 
Adam by the wicked Cain; and that flood 
forecasting, shipping, and intoxication 
were introduced at about the same time 
by a descendant of the good Seth. 

The span of years between Tubal-cain, 
“instructor of every artificer in brass and 
iron,” and the engineering teacher of 
today is uncertain—but certainly it is 
long. Meanwhile, civilized man practiced 
irrigation and a crude art of surveying 
from earliest times, and he must have 
understood much more of the world about 
him than we are likely to give him credit 
for. I shall not diseuss the structures, 
monuments, hydraulic works of the 
Egyptians and Babylonians; the archi- 
tecture of the Greeks; the roads, bridges, 
buildings, aqueducts, baths, and water 
laws of the Romans; the specifications 
and contracting procedures of antiquity. 
I shall not speculate on the knowledge 
ancient engineers had of rollers, levers, 
pulleys, and inclined planes; of the theory 
of arches as well as of the practice of 
building them to be useful and beautiful 
for more than two thousand years; of 
the science of mechanics and its applica- 
tion to arts of peace and war; of geometry 
and astronomy; of logic, and the mind 
tracks of induction and deduction; of law 
to govern rulers and those they ruled; 
of rhetoric and the art of persuasion; of 
music and art and sculpture; of the edu- 
cation and training of youth. Yet all 
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these bear significantly on the advance- 
ment of civilization—and with it engineer- 
ing and engineering education. Who to- 
day can expect to have his works live 
two thousand years from now? Yet that 
is exactly what is happening to the works 
of Archmedes in mechanics; of Euclid in 
geometry; of Vitruvius in building con- 
struction and engineering education; of 
Frontinus in water supply and law. 


Heritage of Ideas 


In the province of ideas it is not al- 
ways easy to distinguish “old” from “new.” 
Compare ideas about the education of an 
engineer today with Vitruvius’ ideas about 
the education of an architectus 2000 years 
ago. (Incidentally, the architectus of 
Vitruvius’ time is the common ancestor 
of today’s engineer and architect. Since 
I am speaking of the history of engineer- 
ing education I shall translate the Latin 
architectus into engineer and grant that 
architect would be an equally appropriate 
translation. ) 

After describing clearly the interplay 
of craftsmanship and technology in the 
work performed by the engineer, Vitru- 
vius ¢ suggested how the engineer should 
be trained. He said, in effect, that en- 
gineers “who without culture aim at 
manual skill cannot gain a prestige cor- 
responding to their labours, while those 
who trust to theory and literature obvi- 
ously follow a shadow and not reality. 
But those who have mastered both [skill 
and culture], like men equipped in full 
armour, soon acquire influence and at- 
tain their purpose.” 

The engineering student, he added, 
must have both a natural gift and also 
readiness to learn. For neither talent 
without instruction nor instruction with- 
out talent can produce the perfect master. 
[The engineer] should be a man of letters, 
a skillful draftsman, a mathematician, 
familiar with historical studies, a diligent 
student of philosophy, acquainted with 

t Vitruvius on Architecture,’’ Vol. I, 
Book i, Edited and translated by Frank 
Granger. Harvard University Press and 
William Heineman, Ltd. (1945). 
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music, not ignorant. of medicine, learned 
in the opinion of lawyers, familiar with 
astronomy and astronomical calculations, 


; To those who would wonder that any- 


one could master so many subjects Vi- 
truvius said that all these studies “are 
related to one another and have points 
of contact. ... For a general education 
is put together like one body from its 
members. So those who from tender 
years are trained in various studies ree- 
ognize the same characters in all the 
arts and see the intereommunication of 
all disciplines, and by that circumstance 
more easily acquire general information.” 
What more need be said of continued 
learning... ? 

Vitruvius stressed the importance of 
being “fair-minded, loyal, and what is 
more important, without avarice; for no 
work can be truly done without good 
faith and clean hands. Let [the engi- 
neer| not be greedy nor have his mind 
busied with acquiring gifts; but let him 
with seriousness guard his dignity by 
keeping a good name.” What more need 
be said of ethics? 

We would be smug to assume that our 
ideas on engineering education today are 
so far ahead of ideas the Romans had 
2000 years ago. We would be a little 
less than stupid to ignore other parallels 
between great peoples who lived and 
worked at opposite ends of twenty cen- 
turies of the Christian Era. To illustrate 
what I mean let me merely allude to such 
books as “The Wisdom of Confucius,” 
by Lin Yutang; “Vitruvius on Arehi- 
tecture,” by Frank Granger; “Frontinus 
and the Aqueducts of Rome,” by Clemens 
Herschel; “The Notebooks of Leonardo 
da Vinci,” by Edward McCurdy; “The 
Works of Francis Bacon,” by Basil Mon- 
tague; “The History of The Inductive 
Sciences,” by William Whewell; “The 
History of Magie and Experimental Sci- 
ences,” by Lynn ‘Thorndike; “Aims of 
Education and Other Essays,” by Alfred 
North Whitehead; “Conflict of Studies 
and Other Essays,” by Isaac Todhunter; 
“Too Much College,” by Stephen Lea- 
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cock; and—a current gem—“Engineers 
and Ivory Towers,” by Hardy Cross and 
Robert Goodpasture. 

The Romans reached front rank among 
civilized peoples about the first century 
A.D., and the end of their decline is 
usually marked by the burning of Rome 
near the end of the fifth century. The 
decline was a gradual process involving 
“bread and circuses’—more “bread” fol- 
lowing more “circuses” in a dizzy spiral. 
People were unable or unwilling to see 
the inevitable dangers of political pro- 
grams that give away “benefits” and take 
away personal rights and self-respect— 
and people and politicians coasted to de- 
struction. The fall of Rome was brought 
about more by the fiddling of Nero and 
his predecessors than by the actual burn- 
ing of the city of Rome! 


Advancement in Medieval Times 


Western Europe fell apart after Rome 
lost its lead, and a thousand years passed 
before a widespread revival of cultural 
progress was ushered in by the invention 
of printing in the fifteenth century. But 
this thousand years was not wholly dark. 
The monks made great efforts to keep 
civilization alive. One mendicant order, 
Brothers of the Bridge, built and main- 
tained roads, bridges, and wayside shel- 
ters. “Ingeniators” or master builders were 
in great demand to build private homes for 
the nobles and to make and operate en- 
gines of war. The name “engineer” 
came into being for ingenious men who 
did engineering work. I need only to 
mention such names as Roger Bacon, 
John of Salisbury, Abelard, to suggest 
that science and education were not dead 
in the twelfth century either. Great 
changes were taking place with action 
of the Crusades counteracted by the 
knowledge that followed them back out 
of the East. Gunpowder had been in- 
vented and its use in war sounded death 
to the medieval castle. One common 
soldier with firearms was more than a 
match for many nobles in heavy armor! 

A great revival of art and learning 
started in Italy, and it soon spread be- 
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yond the Alps. The mariner’s compass 
was invented—and with it came new 
courage to explore more unknown worlds. 
A science of mechanics was firmly 
grounded—and with it came new courage 
to explore more of the world’s unknown. 
Indeed, when Galielo was born in 1564 
(about fifty years after Leonardo da 
Vinei died) the world was more than 
half medieval—and when he died in 1642 
(the year Newton was born) the world 
was more than half modern. Good books 
were being printed and widely dissemi- 
nated. The minds of men were as great 
as they have been in any age—and once 
they were free to think, they thought 
great thoughts that brought some of the 
greatest advances in all time. At the 
end of the medieval period the old art 
of casting bells and cannon was reborn 
as the art of making machinery and 
metal cylinders The modern world was 
being born—and among engineers and 
scientists who helped with the delivery 
are such men as Copernicus, Leonardo da 
Vinci, Stevinus, Galileo, Huygens, New- 
ton, Pascal and Vauban 


Progress in Modern Times 


Before the eighteenth century, training 
for engineering was by apprenticeship. 
If you can get the right masters and ap- 
prentices together there is no better 
method; but it is not geared to handle 
large numbers of students. Schools for 
engineers grew out of the need for more 
well-trained men than the apprentice sys- 
tem could provide. It was the French 
who led in the development of engineer- 
ing as an art-science in schools of higher 
learning, and other Europeans and Ameri- 
cans soon followed their lead. 

Perronet, engineer to Louis XV of 
France was given the job of building a 
system of national highways. Realizing 
the importance of good technical train- 
ing, he transformed his staff into a school 
of men working together in 1747,. and 
this school was legalized and officially 
named the Ecole des Ponts et Chaussées 
in 1775. Because of this, Perronet is 


; 
| 
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sometimes called the father of engineering 
education. 

Great economic and political changes 
were taking place in France and America 
in the late eighteenth century. Equally 
great changes were taking place in engi- 
neering—in manufacturing, transporta- 
tion, commerce, and agriculture. The spin- 
ning jenny and steam engine were in- 
vented and later the cotton gin. The 
industrial age had begun. A new shingle 
appeared in the professional world: John 
Smeaton, “civil engineer,” had coined a 
new adjective to distinguish one branch 
of the engineering profession from an- 
other. Two famous technical schools 
were founded in the latter part of the 
eighteenth century: the Bergakademie at 
Freiberg in Saxony in 1766 and the Ecole 
Polytechnique at Paris in 1794. Even 
so, engineers in England were trained by 
apprenticeship for many years. 

American state universities came into 
being with the laying of the cornerstone 
of the University of North Carolina in 
1793. The first student was Hinton 
James ¢ who became a civil engineer. He 
entered the University early in 1795, was 
graduated in 1798, and left in a “record 
book” the titles of original and “excep- 
tionally meritorious” compositions that he 
presented on Saturdays. Little is known 
of subjects he was taught as a student; 
but the titles of his original compositions 
show that he learned science, business, 
and economic geography—sound prepara- 
tion for civil engineers of his day. Later 
he became assistant to Chief Engineer 
[Robert] Fulton on navigation work, and 
superintendent of work for improving the 
Cape Fear River. 

In America, where so many men have 
entered state universities, it is interesting 
to note that the first was to graduate and 
become a good civil engineer! 

In the early 1800s power was applied 
to transportation, and all industry in 
Europe and America advanced rapidly. 
More technical schools were needed to 


tI am indebted to Professor T. F. Hick- 
erson for information about Hinton James. 
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train men who could lead and guide 
mechanized industry. In 1802 the United 
States Military Academy was established 
at West Point—modelel after the Keole 
Polytechnique. It was the first school 
of applied science in any English-speak- 
ing country. Other schools began en- 
gineering training: Polytechnic Institute 
of Vienna, 1815; Norwich, 1819; Royal 
Polytechnic of Berlin, 1821; Rensselaer, 
1824; University College, London, 1840; 
and Harvard, 1847. 

Formal engineering education now had 
taken firm root—even if it was highly 
mathematical and dealt largely with 
theory. Leadership was being transferred 
from continental schools to the United 
States. It is in our own country that we 
find real progress in formal engineering 
education during the next hundred years 
beginning in 1852. 


1852-1859 


In 1851 the first international exhibit 
was held in London. Industrial produets 
from many countries were displayed and 
there was increased interest in technology. 
The American Society of Civil Engineers 
was founded in 1852, and engineering 
education went forward rapidly. After 
Yale added engineering to its program 
of study in 1852 and Michigan in 1853, 
there were six schools of engineering in 
America—and all of them are active today. 

B. F. Greene, director of Rensselaer, 
studied methods and programs of engi- 
neering education in Europe and reorgan- 
ized work at Rensselaer. In 1855 he pub- 
lished at his director’s report, The True 
Idea of a Polytechnic Institute—a classic 
that merits study today. It is natural, 
he wrote, to question the utility of such 
studies as rhetoric and philosophy to tech- 
nical men when the time spent in formal 
engineering education is so short. Yet 
there should be balancing elements in a 
course necessarily so materialistic. No 
studies, he reasoned, are more suitable 
than these [rhetoric and philosophy] for 
developing the mind and they should find 
a prominent place in the educational pro- 
gram of every polytechnic institution. 
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Rensselaer was thus firmly established as 
a technical university and was influential 
in shaping engineering education in 
America. 


1860-1879 


In 1862—midway in the War Between 
the States—the First Morrill Act granted 
land for colleges of agriculture and me- 
chanie arts. The number of publicly 
supported schools grew and each one 
that received land grants included engi- 
neering in its programs. Many private 
schools followed this lead. In the ten 
years before 1862 the number of engi- 
neering schools had grown from four to 
seven or eight, and by 1870 to seventeen. 
After the close of the Franco-Prussian 
War in 1871 there was increased activity 
in science and technology in Europe and 
this was reflected in the United States. 
The number of engineering schools had 
increased to 70 by 1872. 

In a paper on “The Education of 
Civil Engineers,” T. C. Clarke told mem- 
bers of ASCE in 1874 that the educa- 
tional program should stress learning 
general principles in the schools and ac- 
quiring technical knowledge in practice. 
This was a highly controversial issue 
among engineers in 1870’s. A. L. 
Holley argued the other side in a paper 
on “The Inadequate Union of Engineer- 
ing and Science” read before the Febru- 
ary 1876 meeting of The American Insti- 
ture of Mining Engineers (founded in 
1871). Engineering schools were laying 
too much emphasis on abstract principles, 
he argued; and he advised putting the 
actual practice first and the theoretical 
study later. Debate was brief but sharp, 
and the issue was referred to a committee 
to continue the discussion at a joint meet- 
ing of ASCE and AIME at the Centen- 
nial exposition at Philadelphia in June 
1876, 

Twenty-five engineers, prominent in 
education and practice, took part in this 
two-day discussion at Philadelphia. The 
concensus was that education to prepare 
teal engineers must be broad—stressing 
essential underlying principles and a con- 
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siderable range of so-called cultural stud- 
ies. Practical training was also necessary 
early in the professional life of the engi- 
neer. 


1880-1899 


The exposition of 1876 in Philadelphia 
was the first in the United States, and 
it stimulated widespread interest in sci- 
ence and engineering. It is not surprising 
then that the number of schools which 
taught engineering increased to 85 by 
1880. 

The Second Morrill Act of 1890 pro- 
vided further support for colleges of 
agriculture and mechanic arts. When the 
World’s Columbian Exposition was held 
in Chicago in 1893, engineering was 
taught in more than one hundred schools, 
and interest in engineering was still grow- 
ing. The Society for the Promotion of 
Engineering Education was organized un- 
der the chairmanship of Ira O. Baker, 
professor of civil engineering at the Uni- 
versity of Illinois, as Section E of the 
World’s Engineering Congress. Papers 
at that meeting were presented by men 
inspired—indeed it is a humbling experi- 
ence to reread Volume One of Engineer- 
ing Education, dated 1893. 


1900-1919 


In 1907 the Society for the Promotion 
of Engineering Education invited the 
“Founder Societies” in engineering and 
the American Chemical Society to appoint 
delegates to a joint meeting to report 
on the appropriate scope of engineering 
education and on the degree of co-opera- 
tion and unity that might be advantage- 
ously arranged between engineering 
schools. The Carnegie Foundation for 
the Advancement of Teaching and the 
General Education Board were invited to 
appoint delegates the next year. The 
members of national technical societies, 
asked to express their opinions of the 
essential characteristics of an engineer, 
rated them in the following order of im- 
portance: 1. Character, integrity, re- 
sourcefulness, initiative. 2. Judgment, 
common sense, scientific attitude, perspec- 
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tive. 3. Efficiency, thoroughness, accu- 
racy, industry. 4. Understanding of 
men, executive ability. 5. Knowledge of 
fundamentals. 6. Technique of practice 
and business. 

C. R. Mann said in 1917 that the di- 
vision of time in the 125 schools studied 
was 20 per cent to the humanities, 30 
per cent to mathematics and basic sci- 
ence, and roughly 50 per cent to technical 
work. 

By 1918 Dr. Mann’s investigation was 
completed and his final report, A Study 
of Engineering Education, was published 
by the Carnegie Foundation for the Ad- 
vancement of Teaching. 


1920-1939 


In 1922 the Council of SPEE proposed 
that another investigation be made of the 
objects of engineering education and the 
adequateness of the curriculum. Carnegie 
funds, and others, were granted. W. E. 
Wickenden was named director of the 
investigation and H. P. Hammond, as- 
sociate director in charge of relations 
with engineering colleges. Many organiza- 
tions and faculty committees helped in 
securing data and submitting reports. 

The two-volume Report of the Investi- 
gation of Engineering Education, 1923- 
29 reached four main conclusions: 1. An 
undergraduate course should be a co- 
ordinated program of three stems of sub- 
ject matter: science, engineering meth- 
ods, and social relations. The last year 
should be focused upon the students’ 
major subject. 2. The three stems of 
engineering education should be unified 
into one branch with unity of administra- 
tion. 3. An undergraduate course should 
be four years in length. 4. A graduate 
should continue his development either 
by formal graduate study in a school or 
by individual study after he enters prac- 
tice. 

The Wickenden-Hammond _ reports 
guided engineering education through the 
post-war years of the 1920’s and the de- 
pression of the 1930’s. When he was presi- 
dent of SPEE in 1933, W. E. Wickenden 
said that during the ten years of the In- 
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vestigation engineers had acquired an 
envied position among college teachers, 
A sense of unrest and uncertainty had 
given way to a sense of assurance. These 


“were the happly fruits of the Board’s 


wise policy of promoting a program of 
stimulation, rather than one of standardi- 
zation. 

But engineering, which had given birth 
to many industries, was itself feeling the 
pains of growth and social pressure dur- 
ing the 1930’s. Engineering education 
had to examine itself again in its social 
and economic surroundings of the early 
1940’s. Charles F. Scott may well have 
set the stage for a new appraisal when 
he wrote: “What are the causes leading 
to new trends? ... Our environment— 
the world about us—is changing. The 
science which engineers apply is expand- 
ing. ... Development of engineering 
education depends upon the willingness 
and ability for adaptation to changing 
environment. ... Is it to be . . . educa- 
tion via the scientific, engineering route, 
or specific engineering via the educational 
ladder ?” 


1940-1952 


H. P. Hammond was chairman of the 
SPEE Committee on Aims and Scope of 
Engineering Curricula which published 
its report in 1940. The committee stated 
that the flexible four-year undergraduate 
curriculum, followed by graduate work, 
would meet needs better than a longer 
undergraduate curriculum ; that the under- 
graduate curricula should be made 
broader and more fundamental through 
increased emphasis on basic sciences and 
humanistie and social studies; that there 
were advantages in the parallel develop- 
ment of the scientific-technical and the 
humanistic-social sequences of the engi- 
neering curricula; that the integrated pro- 
gram which extends throughout the entire 
undergraduate period should therefore be 
preserved. 

Soon after the Hammond report was 
published the United States was a par- 
ticipant in World War II, and every et- 
gineer—student, teacher, and practitioner 
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—was buffeted by crises, hullabaloo, and 
an avalanche of directives. Engineering 
educators were bedeviled by changing 
winds. What lay ahead? What might be 
the pattern of engineering education af- 
ter the war? Robert E. Doherty, then 
president of Carnegie Institute of Tech- 
nology and president of SPEE, appointed 
a committee on engineering education af- 
ter the war, and again H. P. Hammond 
was selected as chairman. The committee, 
reporting in 1944, found that the specific 
purposes are essentially those recom- 
mended in the 1940 report on Aims and 
Seope of Engineering Curricula. They 
advised that the humanistic-social stem 
should require a minimum of 20 per cent 
of the student’s time and noted that un- 
less instruction included the elements of 
practice, it would be in science rather 
than in engineering. Events had shown 
one major extension to be needed: a more 
positive indoctrination in‘civie and pro- 
fessional responsibilities. 


Engineers Keep Pace 


From legendary times until today, no 
men essential to human progress have kept 
in better step with the vicissitudes of 
civilized progress than engineers and 
their teachers. At the close of World 
War II college enrollments were deci- 
mated—and a few years later their bur- 
dens were increased more than tenfold. 
Yet they have not only survived this 
torrent of change—they have periodically 
taken their bearings in the light that 
history and mastery of their profession 
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gives them—and they have projected into 
the uncertain future, plans which have 
been realistic enough to make engineer- 
ing a little better, and our standard of 
living a little higher through periods of 
prosperity, depression, and war. In learn- 
ing to deal with forces of Nature—to get 
in step with her and apply her laws to 
the material and economic welfare of all 
mankind—the engineer learns to deal 
realistically with things as they are; and 
he does does not waste too many tears 
about things that might have been. Our 
engineering heritage is in large measure 
the realism and strength and courage that 
one must acquire if he is to work in the 
vanguard of inevitable change. In deal- 
ing with the caprice of Mother Nature 
the engineer has been pretty successful; 
in dealing with the cussedness of human 
nature he has limitless challenges and op- 
portunities ahead of him. 

Who ean tell what changes lie ahead? 
Engineers may study the “laws of poli- 
ties” in days to come, and harness the 
overgrown giant of governing machinery 
which has become America’s master, 
rather than her servant. Would engi- 
neers bungle that job more than politi- 
cians have done? Time only can answer 
that. But I would ask one rhetorical 
question in conclusion: could politicans 
have done as well in bending the forces 
of nature to man’s convenience and use 
as engineers have done? The job of 
harnessing politics for the use and con- 
venience of man is yet to be done—and 
we'd better begin now! 


Centennial Issues 
of the 
Journal of Engineering Education 


The December and January issues of the JoURNAL OF ENGINEERING 
EDUCATION contain papers which were presented at the Centennial of Engi- 


neering in Chicago in September. 


Extra copies of these issues can be ob- 


tained for $1.00 per copy by writing to the American Society for Engi- 
neering Education, Northwestern University, Evanston, IIl. 


Achievements in Engineering Education’ 


By THORNDIKE SAVILLE 
Dean of Engineering, New York University 


Introduction 


The achievements in engineering educa- 
tion during the past century are con- 
temporaneous with and an inextricable 
part of the achievements in the geograph- 
ical expansion, industrialization, and ur- 
banization of the United States during 
this same period. It is a far ery from the 
simple single curriculum in the physical 
sciences, mathematics, drafting, surveying, 
and the practical arts of construction 
available in the half dozen institutions pro- 
fessing to give “engineering” one hundred 
years ago to the twenty major curricula 
now accredited in one or more of 148 engi- 
neering colleges in the country. The three- 
year civil engineering curriculum (such as 
it was) in 1852 has not only proliferated 
into many specialized four-year under- 
graduate curricula, but has expanded to 
substantial post-graduate study and re- 
search in many fields. 

Faculties have changed from a few sci- 
entists and practical men of good will con- 
cerned with the problems of transporta- 
tion and the mechanical arts, to large 
groups of highly trained specialists versed 
in the theory and practice of a profession 
which has come of age. In 1852 there 
were probably no more than twenty-five or 
thirty scientists or professionally trained 
people in the engineering schools. Today 
there are about 7500. 

Undergraduate enrollment increased 
from perhaps 250 in 1852, to 1400 in 1870, 
and to a peak in accredited engineering 
colleges of over 100,000 in 1940. Enroll- 
ment in these colleges decreased during the 


1 Address at Centennial of Engineering, 
Chicago, Illinois, September 4, 1952. 
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years of World War II, then increased to 
a maximum of about 230,000 in 1947, and 
has now (1951-52) declined to about 128, 
000. 

Recipients of the first (bachelor’s or 
equivalent) degree in engineering in- 
creased from about 25 in 1852 to over 48, 
000 in 1950. Declining enrollments since 
then have resulted in fewer graduates. 
From about 30,000 in 1952 it is estimated 
a minimum of some 18,000 graduates will 
be reached in 1956 with a moderate in- 
crease thereafter. During the past cen- 
tury the total number of engineers in the 
country has increased from a few hundred 
in 1852 to 7,000 in 1880 to over 400,000 
in 1952. The accelerated demand for en- 
gineers is well illustrated by the experi 
ence of 5 major industries (manufactur- 
ing, mining, construction, transportation, 
and public utilities) in which the number 
of engineers per 100,000 workers has in- 
creased from 150 in 1880 to 1500 in 1950. 

Engineering colleges have increased 
from some half dozen in 1852 to 17 in 
1870, 85 in 1880, 126 in 1918, and 148 in 
1952. The latter figure refers to colleges 
having one or more curricula accredited by 
Engineers’ Council for Professional De- 
velopment. In addition there are over 40 
colleges reported by the U. S. Office of 
Education as offering degree curricula in 
engineering, not accredited by ECPD.* 


2‘‘Employment Outlook for Engineers.” 
Bulletin 968. Bureau of Labor Statistics, 
1949. 

8 There are 7 engineering colleges in Can 
ada, whose curricula are recognized by the 
major Canadian engineering societies. These 
colleges had 5204 engineering students and 
1869 graduates with first degrees in 1952 
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Facilities have improved from the 
rented quarters used for many years by 
the first engineering school* to the re- 
spectable laboratories and classrooms of 
most of the accredited engineering col- 
leges, and to the awe-inspiring and elabo- 
rate structures of a few of the great pri- 
vate and publicly supported institutions 
of today. 

This quick review of certain quantita- 
tive achievements in engineering education 
during the last century presents no con- 
ception of the qualitative improvements 
which have taken place. Nor does it re- 
fect the concern of the engineering so- 
cieties and of engineering educators with 
changes brought about by the ever enlarg- 
ing applications of science to industrial 
and agricultural pursuits and to the health 
and convenience of the people. These are 
the responsibilities of the engineer, and 
the suecess with which he meets them is 
dependent in large measure upon the 
scope and adequacy of his education. The 
purpose of this address is to describe 
briefly the major changes which have 
taken place over the past century, par- 
ticularly during the last 50 years. 


Curricula—The First Fifty Years 


Prior to 1870 the chief aim of engineer- 
ing curricula was to train civil engineers 
to meet the problems of an era of rapid 
geographical expansion and of growth in 
whan population. The instruction was 
largely confined to mathematics (algebra, 
geometry, trigonometry, and calculus); a 
year each of physics, chemistry, astron- 
oy, geology, history and foreign lan- 
guage; two years of surveying, two years 
of English, and courses in the practical 
applications of “machines,” “construc- 
tions,” “hydraulic works,” “earth work 
and masonry,” and in some cases mining 
and metallurgy. 

The rapid growth of industrialization 


ECPD has not been requested to accredit any 
curricula in these schools. 

4 Rensselaer Polytechnic Institute, the pro- 
genitor of engineering education this 
country, was founded in 1824, and granted 
the first engineering degree in 1835. 
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following the Civil War brought about a 
demand for more varied, rigorous, and 
comprehensive education for engineers. 
This stimulated the establishment of many 
new engineering colleges and engineering 
departments in existing institutions. Be- 
teween 1870 and 1890 the number of in- 
stitutions offering formal programs in en- 
gineering had increased from 17 to 110. 
The Morrill Acts of the 1860’s provided a 
powerful stimulus to the establishment of 
the Land Grant Colleges, where instruc- 
tion in the “mechanics arts” rapidly 
evolved into engineering curricula. A 
number of schools of mining engineering 
developed between 1864 and 1880. Me- 
chanical engineering began to emerge as 
an important separate curriculum in the 
1880’s, and electrical engineering in the 
following decade. Chemical engineering 
was offered by two or three colleges in 
1900. 

The period from 1870 to 1900 was one 
of transition. The major curricula in 
civil, mining, mechanical, electrical and 
chemical engineering developed in the 
order named from empirical and so-called 
“practical” instruction based on didactic 
teaching in the classroom to what became 
for the ensuing fifty years the conven- 
tional engineering curriculum, namely, 
four undergraduate years, the first two 
devoted largely to basic studies in the nat- 
ural and mathematical sciences and the 
last two increasingly occupied with spe- 
cialized courses pertaining to the particu- 
lar professional discipline being pursued. 

Dr. H. P. Hammond has pointed out 
that “in certain fields of engineering— 
civil, mechanical, mining—the art pre- 
ceded the science, whereas in others—elec- 
trical, chemical and perhaps metallurgical 
—the science preceded the art. This evolu- 
tion reflects itself in the relative extent to 
which the corresponding curricula have 
been largely empirical or scientific in na- 
ture.” 

A notable innovation, peculiar to Amer- 
ican engineering education, was* “the 


5“*A Comparative Study of Engineering 
Education in the United States and Europe.’’ 
W. E. Wickenden, Bulletin No. 16, The So- 
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great development in laboratory methods 
of teaching, a field where American leader- 
ship has been especially marked.” An- 
other contribution peculiar to engineering 
education in this country is the emphasis 
placed upon the economic, management 
and production phases of engineering, 
particularly in the development of sep- 
arate curricula in industrial engineering. 


Curricula—The Last Fifty Years 


The period from 1900 to 1950 was not 
marked by any profound changes in either 
the philosophy or the practice of under- 
graduate education, except for the inaugu- 
ration of the “cooperative plan” and the 
development of formal degree programs 
given in the evening in a number of the 
larger metropolitan centers. Both are de- 
seribed in other sections of this paper. 


Curriculum Trends 


During this past 50 years there has been 
a rather marked trend toward more rigor- 
ous treatment of the professional courses 
given in the last two years of the under- 
graduate curriculum. Scientific discov- 
eries and advances in scientific knowledge 
have necessarily been reflected in their 
applications to engineering. To under- 
stand and to apply this new knowledge 
have in turn required more extensive study 
in mathematics and the physical sciences. 
A trend toward more such study in the 
undergraduate curriculum has been dis- 
cernible but not marked during the past 
fifty years. 

Increased emphasis has been given to 
the social-humanistic studies, but these 
must remain circumscribed so long as the 
present type of rigid undergraduate cur- 
riculum persists. 

The proper and feasible balance be- 
tween fundamental science, professional 
subjects, and the “art of engineering” has 
been a perennial subject of controversy. 
A description of the situation presented 
by Dr. Robert Fletcher of the Thayer 
School of Engineering in a paper before 
the International Engineering Congress in 
ciety for the Promotion of Engineering Edu- 
eation, 1929. 
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1905 is applicable today. “Extreme views 
are held. Some would have the college 
programs cover an all-around training in 
fundamental subjects only, grounding the 


‘ students in the basal principles of mathe. 


matics, mechanics and physical science, 
and those which determine engineering 
practice in general, giving due time also 
to broader culture, but giving only un- 
avoidable attention to details. Others, 
arguing that this is above all things an 
age of specialists, would have the student 
begin to differentiate his studies with ref- 
erence to some specialty even in the see- 
ondary school. Others claim the more 
common arrangement is necessary and suf- 
ficient, that which devotes two or three 
years of a four years course to the more 
general underlying subjects, and the final 
two years or one to study and practice in 
the special direction. Others argue that 
the specialty is the life work and should 
be begun last, and that the schoolwork 
therein is better done in a fifth or post- 
graduate year.” 

The slight trends toward more rigorous 
upper class subjects and toward more 
fundamental science in the lower class sub- 
jects have been paralled by a marked trend 
toward an increase in the number of sepa- 
rate undergraduate curricula both recog- 
nized and proposed. The five or six basic 
undergraduate curricula bearing the names 
of the great “founder” engineering socie- 
ties began to have “splinters” break off 
after 1900, just as did the societies them- 
selves. Just as separate organizations 
were formed for highway, railway, sani- 
tary, radio, refrigeration, safety, power, 
automotive, ceramic, and other specialists, 
so newly designated curricula have pro- 
liferated in the engineering colleges, and 
in many cases using similar designations. 
Today twenty such curricula are accredited 
by ECPD, and proposals for more have 
been submitted. This subject is discussed 
further under the heading of “Accredita- 
tion.” 


The Cooperative Plan 


Reference has been made to a notable 
experiment in engineering education which 
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jas statistically had a rise and fall during 
the past half century. The “Cooperative 
Plan of Engineering Education” was in- 
wgurated at the University of Cincinnati 
in 1906 by Dean Herman Schneider. This 
is defined as “an integration of classroom 
york and practical industrial experience in 
am organized program under which stu- 
dents alternate periods of employment in 
industry, business, or government.” This 
plan had considerable vogue between 1910 
and 1930, but as late as 1949 only six of 
the 148 accredited engineering colleges re- 
qire it for all of their undergraduate 
students. Twelve others utilize the plan for 
ome of their students, either on an elective 
basis or for a particular curriculum or 
group. Eleven accredited engineering col- 
kges adopted the plan, and subsequently 
abandoned it. The plan is markedly suc- 
cessful in many of the 18 accredited in- 
stitutions utilizing it for all or a part of 
their students. It has obvious advantages 
of the “learning while doing” character. 
Its success depends upon continuous and 
rather expensive supervision by the educa- 
tional institution of the kind of practical 
work in which the students are engaged 
and the coordination of such work with 
the curriculum content at a given time. 
The failure of the majority of accredited 
gineering colleges to adopt or to con- 
tinue the cooperative plan is believed to 
be due to a variety of difficulties, of which 
added length of time to receive a degree, 
greater cost, difficulty of suitable employ- 
ment in depression periods, and objection 
of labor unions are among the more im- 
portant. The increased availability of en- 
gineering curricula given in the evening 
in larger metropolitan centers (discussed 
tlewhere) provided a less expensive and 
in part a more realistic substitute for the 
formal cooperative plan. 


Evening Degree Programs 


By the early 1920’s four institutions in 
New York City, one in Washington, and 


8‘*A Survey of Cooperative Engineering 
Education.’? Bulletin No. 15, 1949, U. 8. 
Office of Education. 
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one in Pittsburgh had begun to offer formal 
engineering curricula in the evening for 
which degree credit was given. The first 
ECPD accrediting committee had some mis- 
givings as to the adequacy and equivalency 
of these programs as compared to the usual 
four-year full-time day program. How- 
ever, after some study and the reports of 
special subcommittees, four such curricula 
were accredited in 1936, three in New 
York and one in Pittsburgh. By 1951 
ECPD had aceredited evening programs 
in only six institutions, three in New York, 
one in Newark, one in Pittsburgh and one 
in Cleveland. However, many of the en- 
gineering colleges accredited for full time 
day curricula are offering unaccredited 
evening programs of substantial size. The 
six institutions having accredited evening 
programs reported approximately 6500 
students enrolled in 1951, out of a total of 
13,400 evening students in all of the ac- 
credited institutions. There were 3500 
evening students enrolled in evening de- 
gree programs in 1924. 

The evening programs are primarily de- 
signed for those financially unable to pur- 
sue a four-year full time day prgoram. 
Such students are employed during the 
day time, frequently in sub-professional 
occupations analagous to those utilized 
under the cooperative plan. To a degree, 
therefore, evening programs represent a 
modification of that plan. The evening 
programs require a minimum of six years, 
and customarily six and one half to eight 
years before the first degree is obtained. 
These programs, when carefully and con- 
scientiously administered, are proving in 
all respects the equal of the full time day 
programs. There are tendencies which 
have to be watched to be certain that 
course content, student performance, and 
quality of instruction are maintained on a 
satisfactory basis. In some institutions an 
undue number of students may be enrolled 
in evening programs who are not prima- 
rily interested in obtaining a degree, but 
are more concerned in the vocational util- 
ity of a single course or a few courses. © 

On the whole, carefully formulated and 
well administered evening engineering ecur- 


| 
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ricula are supplying a needed opportunity 
for students unable to finance a full time 
day program, and the graduates from 
these programs constitute an important 


supplement toward helping meet the de- - 


mand for more engineers. The programs 
have been successful in the few metropoli- 
tan centers where they have been operated 
for many years, and there is a real need 
for the development of additional ac- 
credited evening curricula in a good many 
other areas, particularly where manufac- 
turing industries can supply a sufficient 
volume of students. 


Faculty 


Obviously the quality of instruction in 
engineering is dependent largely upon the 
calibre of the faculty charged with impart- 
ing it. Just as instruction and curricula 
content have tended to become more rigor- 
ous and more specialized, so has the eali- 
bre of the faculty tended to become more 
learned and more competent in special 
areas of science and technology. The 
early engineering teachers were scientists 
or practical men who looked to Europe, 
and particularly France, for the engineer- 
ing and scientific texts and treatises which 
formed the basis for most of the formal 
teaching. Since 1880, and particularly 
during the last fifty years, an entire litera- 
ture of engineering education has become 
established in this country, which for ecare- 
ful preparation, scope of coverage, the- 
oretical and practical content, and excel- 
lence of format has no equal in the world. 
This literature has increasingly reflected 
the growing stature of our faculties. 

Another index of the accomplishments 
of the teaching staffs may be measured by 
the great increase in the per cent of the 
total number which hold advanced degrees. 
From the rather sparse and unsatisfactory 
statistical data which exists it is probable 
that during the past fifty years the per 
cent of faculty members engaged in teach- 
ing engineering subjects who hold an ad- 
vanced degree has increased from perhaps 
25% in 1900 to about 45% in 1920, to 
60% in 1940 and probably to at least 75% 
at present. Some concern has been ex- 


pressed lest too great emphasis is being 
placed upon advanced degrees, particu. 
larly the doctorate, as a prerequisite for 
faculty advancement or appointment to 
the higher grades. But since the employ. 
ers of engineering graduates evidence an 
increasing desire for a greater proportion 
who have a post-graduate degree, and pay 
an attractive differential for them, it is 
essential that the instructors be qualified 
to prepare such graduates. More impor. 
tant than this, however, is the constantly 
increasing scope and breadth of engineer. 
ing which requires the members of a con- 
petent faculty to have intellectual and s¢- 
entific attainments of which possession of 
an advanced degree provides at least some 
assurance. 

Many professional members of faculties 
are engaged for a part of the year either 
in actual practice of their profession or 
in research in one of its specialties, or 
both. The great increase in number of 
faculty engaged in research is mentioned 
elsewhere, and most engineering colleges 
today encourage both outside practice and 
research in moderation. Moreover, there 
is a constant infiltration of engineers from 
industry and government into the facu- 
ties, a procedure having much to commend 
it, but increasingly difficult under current 
conditions of higher salaries in practice. 
The reverse practice of industry’s enticing 
promising young faculty members away 
from engineering colleges by higher sala- 
ries is a problem familiar to all of us 
Some attention is being given to exchange 
arrangements with industry, whereby et- 
gineers in industry and in engineering ¢0l- 
lege faculties will be given concurrent 
leaves of absence for a year to fill eact 
other’s places. Arrangements of this sort, 
if widely adopted, may do much to broaden 
engineering teaching and be equally bene 
ficial to the cooperating employer. 

The character of the man, the composite 
of his personality, his professional achieve- 
ments, his concern about students ani 
about engineering, his philosophy of life, 
all are important elements in selecting @ 
teacher. The securing of the right kind of 
teachers has always been a major probleo 
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in engineering education, and it remains 
so today. 


Graduate Study 


Prior to 1890 there were only six in- 
stitutions which had conferred advanced 
degrees in engineering. Only three earned 
doctorates had been conferred at the end 
of 1896. It was not until the second 
decade of the present century that any 
substantial number of graduate students 
were enrolled or post-graduate degrees 
conferred. Since then the acclerated im- 
pact of science upon engineering and tech- 
nology has created an ever increasing need 
for engineering graduates who have been 
educated in specialties beyond the extent 
possible in a four-year undergraduate pro- 
gram. By 1921 some 40 engineering col- 
leges were offering graduate work, 368 
graduate students were enrolled, and 178 
post-graduate degrees were awarded. 
However, some of these degrees were 
awarded by institutes of technology and 
were in such fields as chemistry, biology, 
geology, ete. The first differentiating sta- 
tistics appear in 1934, when graduate reg- 
istration totalled about 2800 and post- 
graduate degrees awarded numbered 
nearly 1200. 

Prior to the outbreak of World War II, 
graduate registration in 1939-40 had in- 
creased to 4582 enrolled for the Master’s 
degree (1318 degrees awarded) and 624 
for the Doctor’s degree (108 degrees 
awarded). The phenomenal developments 
in the applications of science which took 
place during the war years created a 
marked increase in the demand for engi- 
neers with post-graduate education. The 
engineering colleges were quick to re- 
spond, too quick upon the part of some 
institutions not adequately equipped in 
faculty or facilities. Enrollment for the 
Master’s degree in 1951-52 was 16,452 
(5134 degrees awarded) and 2875 for the 
Doctor’s degree (586 degrees awarded). 
It is interesting to note that with a de- 
clining enrollment in undergraduate cur- 
ricula for each year since 1947, there has 
each year been an increase in graduate 
enrollment. 
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An interesting comparison may be drawn 
between evening work on the undergradu- 
ate levels. About 10% of the total num- 
ber of undergraduate students are en- 
rolled in evening programs, whereas 10,000 
(52%) of the 19,300 graduate students 
are enrolled in programs or courses given 
in the evening. At least 23 institutions 
have enrollments of over 100 graduate 
students in evening courses. Nearly all of 
these are in industrial centers. The mag- 
nitude of these evening graduate programs 
is an indication of the extent to which en- 
gineering colleges have met the demand 
by employed engineers for further educa- 
tion. The evening courses are in some in- 
stances given in cooperation with industry 
(as in the Westinghouse program) and in 
many instances the employer subsidizes all 
or part of the cost of the employee’s edu- 
cation. Also many students who did not 
exhaust their veterans’ benefits are using 
this means of acquiring post-graduate 
education while employed. 


Research 


Research as performed in engineering 
colleges may be broadly defined in two 
categories, (a) that undertaken by faculty 
members and graduate students to advance 
knowledge and supported by institutional 
resources or by grants from foundations, 
and (b) that sponsored by government 
agencies or private industry. Prior to 
World War II the major research activ- 
ities of the privately-endowed institutions 
were predominately in class (a), and class 
(b) sponsored research was performed 
chiefly in the land grant colleges through 
their engineering experiment stations. 

Before 1940 research was recognized as 
contributing significantly to education in 
attracting scientifically minded men to the 
faculties, in the stimulus it gave to in- 
struction, and as a necessary element in 
post-graduate education. However, nearly 
every report of groups investigating en- 
gineering education from time to time de- 
plored the meagerness of research activ- 
ities at all except a few of the larger or 
more enlightened institutions. Beginning 
about 1940 in a few institutions peculiarly 
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adapted for research in special applica- 
tions of science to the war effort, the sup- 
port of research by federal government 
agencies has reached large proportions 
and is distributed among a good many en- 
gineering colleges. Nearly all are seeking 
more. 

The contributions of the engineering 
colleges to the applications of science to 
new developments and processes have been 
tremendous during the past decade. A 
great service has been rendered the nation, 
and many institutions, faculty members 
and students have benefited in various 
ways. No longer may it be said that engi- 
neering colleges are not sufficiently alert 
to research. But the availability of such 
great amounts of federal funds for spon- 
sored research has brought its problems to 
the colleges, problems of some magnitude 
and not yet resolved. Among them are 
dangers from the preoccupation of some 
faculty with research projects to the de- 
triment of good teaching; the assignment 
of good teachers to research projects for 
all or a significant portion of their time; 
and the restriction of federally-supported 
research programs to those of interest to 
a given agency, to the detriment of prose- 
cution of more basic or fundamental re- 
search on which faculty members might 
prefer to be engaged. 

From what has been said above, the 
question will at once be asked: What has 
industry done to encourage research in the 
engineering colleges, one of whose major 
functions is to supply industry with well- 
educated personnel? Unfortunately, and 
somewhat illogically the answer is: an in- 
significant amount when measured by its 
reliance upon engineering education for 
its present existence and its future per- 
formance. 

The leaders of industry have naturally 
and properly been alert to decry the tend- 
encies toward a socialistic or paternalistic 
state, and argue for more reliannce upon 
the “free enterprise” concepts of our orig- 
inal democracy. Yet, although engineer- 
ing provides both the intellectual and 
physical basis of industrial design, pro- 
duction, and management, the support of 
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engineering education through wise poli- 
cies of assistance without attempts to con- 
trol, has been stranngely lacking on the 
part of a considerable segment of our 


-business community other wise notable for 


its prescience. 

Industrialists have been frank, and of- 
ten indiscriminating if not ignorant crities 
of engineering education. They have been 
prompt to support measures to ensure 
their continued supply of engineering 
graduates (as within the present frame- 
work of the Engineering Manpower Con- 
mission), but they have conjured up every 
conceivable argument and legal device 
to excuse them from any considerable sup- 
port of the educational institutions upon 
whose graduates their future is based. To 
research, which might be supposed to rep- 
resent an area of support which would 
offer a quid pro quo, their contributions 
on the whole have been relatively small in 
amount and not administered according to 
any broad policy. To be sure some in- 
dustries have made fairly substantial 
grants for research usually in some de- 
velopmental field of direct interest to 
them, but the support of basic research 
in engineering has been extremely meager 
considering the vast industrial interests 
involved. The support of graduate fel- 
lowships by industry has been somewhat 
better, and a real achievement has taken 
place in the past few years with the estab- 
lishment of a number of quite generous 
fellowships by a few large industries with 
no strings attached. Doubtless the situa- 
tion is not entirely the fault of industry, 
and there is need for Engineering Educa- 
tion to do more to convince industry that 
its support of research is warranted on 
a much larger scale than has been ex- 
perienced heretofore. 

Out of the present situation there will 
undoubtedly emerge more rational and yet 
adequate policies and procedures which 
will enable the engineering colleges to give 
to research its proper place in a broad 
program for engineering education which 
it is their chief concern to formulate and 
continuously to improve. 
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Auxiliary Educational Services 


The major obligation of engineering 

education is to develop graduates who are 
competent to practice and to lead in the 
profession. However, from time to time 
engineering educators are called upon in 
the interest of the public welfare or safety 
to render educational services auxiliary to 
professional education. For many years 
engineering colleges, particularly those 
supported by public funds, have operated 
courses of relatively short duration for 
the training of sub-professional personnel. 
The “short schools” for water works oper- 
ators, highway personnel, power plant op- 
erators, and the like have rendered and 
continue to render a distinct public serv- 
iee. 
“During the first World War the engi- 
neering colleges of the country were re- 
sponsible for a major portion of the voca- 
tional training programs of the U. §&%. 
Army, which was almost entirely con- 
cerned with the training of mechanics, and 
gave practically no attention to training 
on the engineering level.”* Except in 
relatively cireumscribed areas, continued 
production of professional engineering 
personnel was not regarded as an essential 
element in winning the war, and the engi- 
neering colleges were thus allocated a pro- 
gram of sub-professional character which 
they performed with versatility and en- 
thusiasm. 

Perhaps the greatest contribution of en- 
gineering colleges as a group to the prose- 
cution of World War II was the Engi- 
neering, Science, and Management War 
Training program under the auspices of 
the U. S. Office of Education. “More than 
15 million men and women received spe- 
cal training during the period October 9, 
1940 to June 30, 1945 in short intensive 
college level courses designed to prepare 
for technical and scientifie work in war 
industries. . . . The Federal Government 
expended nearly 60 million dollars to 
cover the actual costs incurred.”* This 


7**Engineering Science and Management 
War Training,’’ Bulletin 9, 1946, U. S. Office 
of Education. 
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program was conceived, organized, ad- 
ministered and operated by the engineer- 
ing colleges of the United States. 

Two sentences will suffice to describe the 
ASTP (Army Specialized Training Pro- 
gram) of the latter part of the World 
War II period. It was conceived by the 
War Department, a fantastic substitute 
for collegiate education dreamed up by the 
military and “professional educators” (not 
engineering) and designed primarily to 
produce badly needed engineers for the 
armed services with some specialists in 
linguistics and other areas in an ab- 
breviated curriculum. It was a dismal 
failure from the standpoint of engineering 
education in which the engineering col- 
leges participated reluctantly both as a 
national duty and as a substantial alterna- 
tive to educational oblivion. 

Certainly one of the great achievements 
of engineering education in this country 
has been its freedom from any dogmatism 
that its obligations were fixed toward any 
narrow professional objective. It has con- 
tinuously demonstrated an adaptability to 
serve as national needs or military dicta 
required in times of emergency, and to 
guide and help in many areas auxiliary to 
its major purpose in times of peace. 


Relation to the Engineering Societies 


It may be stated unequivocally that en- 
gineering education enjoys a relationship 
to the engineering societies unique in the 
annals of professional education. No 
other profession has any organization of 
its educational members comparable to 
the American Society for Engineering 
Education. No other profession has an 
association of professional societies de- 
voted to educational and related activities 
comparable to Engineers’ Council for Pro- 
fessional Development. It is not surpris- 
ing therefore that engineering education 
in the truly professional sense has de- 
veloped rapidly since 1893 when the pred- 
ecessor of the ASEE was established, and 
that the impact of the profession itself 
upon the education of its practitioners 
stems from the establishment of ECPD in 
1932. No system of professional educa- 
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tion could remain static or complacent 
when subjected to the constant scrutiny of 
the committees and divisions of its own 
members supplemented by continuing ap- 
praisals and criticisms from a group rep- 
resenting the major professional societies 
and the licensing boards of the several 
states. 


The American Society for Engineering 
Education 


The Society for the Promotion of Engi- 
neering Education was organized at the 
Congress of Engineers held in connection 
with the great World Columbian Exposi- 
tion in Chicago in 1893. Engineering Edu- 
cation was Division E of the Congress. 
Professor Ira O. Baker of the University 
of Illinois was chairman, and Professor C. 
Frank Allen of the Massachusetts Insti- 
tute of Technology was secretary. Both 
were members of the American Society of 
Civil Engineers, and Professor Allen in 
rendering his secretarial report stated 
“that a society had been organized by the 
members of the Division for the promo- 
tion of engineering education.” Thus one 
may say that the Society whose centennial 
we are now observing in a sense fathered 
the Society for the Promotion of Engi- 
neering Education. Weight is lent to this 
by the fact that two of the first three and 
fourteen of the first twenty five presidents 
of the Society were members of the Amer- 
ican Society of Civil Engineers. 

The Society for the Promotion of Engi- 
neering Education began with 70 mem- 
bers, which has now (1952) increased to 
over 7000. It early started studies of 
various facets of engineering education, 
and initiated in 1907 a practice followed 
from time to time ever since, a request for 
the professional engineering societies to 
collaborate in its major investigations. In 
that year it invited the societies of the 
Civil, Mining, Mechanical, Electrical and 
Chemical Engineers to join it in forming 
a Joint Committee on Engineering Educa- 
tion,® to explore all of the aspects of the 

8 The member societies of this Committee 
now constitute (with the National Council of 
State Boards of Engineering Examiners, and 
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subject. The Committee was organized 


and the American Society of Civil Engi- 
neers in 1908 made an appropriation for 
its operation, the first recorded grant from 
an engineering society for an investigation 


of engineering education. However, the 
Committee still lacked adequate funds for 
its investigation. In 1916, the Chairman 
of the Committee, Desmond Fitzgerald, 
who was President of the American So- 
ciety of Civil Engineers, reported that 
“after we (ASCE) had spent all our spare 
cash in carrying on the work of this Com- 
mittee, we naturally turned our eyes to the 
Carnegie Foundation.” ® The Carnegie 
Foundation undertook the task, and in 
1918 issued a report by C. R. Mann en- 
titled “A Study of Engineering Eduea- 
tion.” 

This report was the first of a number of 
significant studies and investigations into 
the general field of engineering education 
sponsored jointly in one way or another 
by the Society for the Promotion of Engi- 
neering Education (or its successor) and 
the professional engineering societies. 

The Society was reorganized in 1946 to 
provide for more effective administration 
and better recognition of the several ele- 
ments in engineering education; viz. the 
individual teacher, the work of Commit- 
tees and Divisions, the geographical sec- 
tions, administration, and research. The 
name was changed to the American So- 
ciety for Engineering Education. The So- 
ciety has individual membership and also 
associate membership for organizations 
having a major interest in engineering, 
such as industries, research institutes, and 
the like. It has always had, as active mem- 
bers, many who were prominent in prac- 
tice, such as presidents, chief engineers, 
and personnel managers of industry. 
This has provided important stimuli for 
many activities, and has introduced an im- 
portant element of consideration of prac- 


the Engineering Institute of Canada) the 
Engineers’ Council for Professional Develop- 
ment. 

® Proceedings, Society for the Promotion 
of Engineering Education, Volume XXIV, 
1916, p. 46. 
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tical and present needs into its many 
achievements. The Society has active Di- 
visions constantly concerned with improve- 
ments in instruction in the several cur- 
rieula and the major supporting sciences 
and non-technical subjects. It has vari- 
ous special committees which have from 
time to time issued notable reports which 
have had a profound influence upon engi- 
neering education. The best known, most 
exhaustive and most influential of these 
was the “Investigation of Engineering 
Education,” a monumental study extend- 
ing over ten years (1923-34) financed by 
the Carnegie Corporation, the Engineer- 
ing Societies, and certain industries. It 
still forms the platform from which later 
studies have taken off. 

The American Society for Engineering 
Education is an extraordinary phenome- 
non in professional education. There is 
nothing approaching it as related to the 
other professions. Its achievements and 
the constant pre-occupation of hundreds 
of its members with major facets of engi- 
neering education are too little appreci- 
ated by the profession which it serves. Its 
annual meetings are attended by upwards 
of 1000 of its members, where they dis- 
euss reports of committees, and papers 
dealing with new educational ideas or pro- 
cedures. An enumeration of the names of 
a few of its Divisions and Committees is 
illustrative of its concern with current 
problems. In addition to the Divisions 
dealing with all major curricula and sup- 
porting courses, there are Divisions of Re- 
lations with Industry, Graduate Studies, 
Technical Institutes, ete. Its major com- 
mittees include Selection and Guidance, 
Research, Atomic Energy Education, 
Young Engineering Teachers, and Im- 
provement of Teaching. Its Manpower 
Committee was the progenitor of the Man- 
power Commission of Engineers Joint 
Council. Reference will be made later to 
anew Committee on Evaluation of Engi- 
neering Education. 

The publications of the Society have a 
world wide distribution, and are regarded 
as authoritative sources of historical back- 
ground, current practice, and statistical 
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data. They have had a substantial influ- 
ence upon engineering education in this 
and other countries. 


Engineers’ Council for Professional 
Development 


As the engineering profession became 
larger in numbers, as an increasing pro- 
portion of its members were college gradu- 
ates (from perhaps 25% in 1852 to 85% 
in 1952), as the engineering societies grew 
in numbers and influence, a professional 
consciousness developed which in 1932 
produced a need for Engineers’ Council 
for Professional Development. The six 
societies which participated in the Joint 
Committee on Engineering Education in 
1907 (ASCE, AIME, ASME, AIEE, 
AIChE, and ASEE) initiated steps to 
form the Council and invited the Engi- 
neering Institute of Canada (EIC) and 
the National Council of State Boards of 
Engineering Examiners (NCSBEE) to 
participate. 

The ECPD is a conference body com- 
missioned “to promote efforts toward 
higher professional standards of education 
and practice, greater solidarity of the pro- 
fession, and greater effectiveness in deal- 
ing with technical, social, and economic 
problems.” 1° It will be noted that engi- 
neering education was regarded as of 
prime importance, and it has continued to 
be one of the major concerns of ECPD. 
This concern has been implemented by the 
activities of two standing committees over 
the past twenty years, those on Education 
and on Guidance. The Committee on Edu- 
cation (originally the Committee on Engi- 
neering Schools) has dealt with accredita- 
tion of engineering curricula; that on 
Guidance (formerly Student Selection and 
Guidance) with information on engineer- 
ing as a career supplied to secondary 
school students, and with the determina- 
tion of aptitudes for engineering study in 
the development of testing procedures. 
More recently a new and important com- 
mittee has been established, that on Ade- 


10 ‘¢ ECPD—A Challenge.’’ Booklet issued 
in 1947 by ECPD. 
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quacy and Standards of Engineering Edu- 
cation. 


Accreditation 


Engineering Colleges. By 1932 over 
135 institutions of higher education were 
offering degree curricula in engineering. 
It had become obvious that marked differ- 
ences occurred in educational standards, 
the strength and breadth of curricula, the 
qualifications of faculties, and the ade- 
quacy of facilities. Some process of de- 
termining the composite of these criteria 
as a basis for recognition of the graduate 
as acceptable for membership in the pro- 
fessional societies and for admission to 
state license examinations was obviously 
needed. The growth of state licensing 
laws was beginning to develop a danger 
that separate accrediting procedures would 
be set up in each state, with resulting dif- 
ferences in standards and practices and 
general confusion. Hence ECPD created 
the Committee on Engineering Schools 
(now the Committee on Education) to 
represent the entire profession and the 
state licensing boards. This was a formi- 
dable and delicate task. Hence a distin- 
guished committee was appointed under 
the chairmanship of President Karl Comp- 
ton of the Massachusetts Institute of Tech- 
nology and members representing the par- 
ticipating societies of ECPD. The Com- 
mittee spent four years in making its 
initial studies, and published the first gen- 
eral list of aceredited curricula in 1937. 
Of 626 curricula inspected in 129 institu- 
tions visited, 374 were accredited for a 
limited time and 71 accredited provision- 
ally in 107 institutions. Action was de- 
ferred on 8, and 173 were not accredited. 
The Committee has continued its activities, 
and as of 1951 680 curricula are accredited 
fully or provisionally in 148 institutions. 

There is not space to describe in detail 
all of the policies and procedures affecting 
accreditation, but the operations of the 
committee represent some major achieve- 
ments in engineering education. There- 


fore, since the accrediting process has pro- 
found implications upon the progress of 
engineering, and since the rapid increase 
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in attainments required by the engineer 
and the enlarging diversity of his employ- 
ment have raised anew some old problems 
and have created new challenges, a brief 


-resume of the basic principles heretofore 


applied to the accrediting process is in 
order. 


1. Only specific curricula, not institu. 
tions, are accredited. 

2. Inspection with a view toward ac- 
creditation is made only upon the 
invitation of an institution. 

3. The purpose of accreditation is to 
identify those institutions which offer 
professional curricula in engineering 
worthy of recognition as such, and 
shall apply only to curricula leading 
to degrees. 

4. Only undergraduate curricula have 
thus far been accredited. 

5. Accreditation is based upon both 
qualitative and quantitive criteria, 
but no “standards” have been formu- 
lated or applied. Accreditation is 
based largely upon the over-all judg- 
ment of a qualified inspection com- 
mittee, which applies general criteria 
listed in each annual report of 
ECPD. 


The original intention of ECPD was to 
recognize for accreditation only the six 
major curricula, but as mentioned previ- 
ously the proliferation of engineering s0- 
cieties was paralleled by a proliferation 
of engineering curricula. Pressures from 
the engineering colleges and from seg- 
ments of the profession itself forced the 
Committee on Education to recognize ad- 
ditional curricula. The first list of ac- 
credited curricula (for the New England 
and Middle Atlantic states only) pub- 
lished in 1936 expressed the principle that 
“ECPD will recognize the six major cur- 
ricula (chemical, civil, electrical, mechani- 
cal, metallurgical and mining engineering) 
represented in its own organization, and 
such other curricula as are warranted by 
the educational and industrial conditions 
pertaining to them.” This left the door 
wide open, and in the very first list re- 
ferred to above fourteen curricula are 
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recognized, thirteen of which (the largest 
at any institution) were offered at MIT. 

Since then proliferation has continued 
to be resisted by ensuing ECPD commit- 
tees, but it has been a losing battle. The 
latest (1951) ECPD report lists 20 dif- 
ferent accredited curricula. Applications 
are pending from various engineering col- 
leges for recognition of some 15 new cur- 
ricula, ranging from coal mining engineer- 
ing to fire protection engineering. All 
that is needed is a curriculum in combus- 
tion engineering and we will have a trinity 
of engineering specialists, one of which 
will procure the fuel (coal mining), the 
next will burn it (combustion engineer- 
ing), and the third will put out the fire 
(fire protection engineering) ! 

Technical Institutes. The provision of 
appropriate education for those who serve 
the engineering profession in sub-profes- 
sional capacities, as engineering aids, tech- 
nicians, and the like, has long been a sub- 
ject of discussion. ASEE reports twenty 
years ago called attention to the impor- 
tance of such education, and urged the 
recognition of technic institutes for their 
necessary and avowed purposes, lest many 
more be tempted to follow the example of 
some, and metamorphose themselves into 
weak engineering schools. Recognizing 
the importance of technical institutes in 
the general scheme of technical education, 
a Division of Technical Institutes was 
established in ASEE after World War 
II. In 1945 ECPD undertook to extend 
the acerediting process to technical insti- 
tutes which offered two year terminal post- 
high school programs. 

A subcommittee of the Committee on 
Education of ECPD administers the 
accreditation of Technical Institutes. 
Twenty-three are now (1951-52) acered- 
ited. The acereditation process is based to 
a degree upon the criteria described above 
for engineering colleges, with due allow- 
ance for the different type of curricula 
and objectives. Technical Institutes have 
come of age. The guidance provided them 
and the recognition accorded them repre- 
sent an important achievement by engi- 
neering during the past decade. 
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Yet the role of the technical institute is 
not yet what it should be in the overall 
concept of education for engineering. and 
its related technology. The situation is 
well expressed in a personal communica- 
tion to the writer of this paper by Dr. H. 
P. Hammond, who guided the Technical 
Institute accreditation policies of ECPD 
through the first five years. He states: 


‘‘T think it is significant and important to 
point out that the number of technical in- 
stitutes is inversely in proportion to the num- 
ber of engineering colleges as the need for 
them exists in this country. Broadly speak- 
ing, and with exceptions, they are inadequate 
also in quality to produce the sub-profes- 
sional technically trained personnel needed 
by industry and government. The result is 
that the engineering colleges are forced to 
earry a load of what is actually subprofes- 
sional training for poorly qualified students 
who will never become genuine professional 
engineers. And many colleges are perfectly 
willing to do it. This is one of the greatest 
sources of low standards of accreditation. 
It is the reason I advocated the establish- 
ment of the subcommittee on technical in- 
stitutes and this had some benefits, I think, 
but it has not accomplished what I hoped it 
might and it never will unless industry, the 
profession itself, and the colleges get a new 
conception of engineering as a professional 
pursuit and of technical institutes as the ap- 
propriate source of subprofessional tech- 
nicians.’? 


Guidance 


The selection of qualified students for 
admission to engineering colleges has been 
a matter of study and experiment ever 
since the Mann Report of 1918 called at- 
tention to the promising tests developed 
by Thorndike and by Thurstone. Subse- 
quently the ECPD has collaborated with 
ASEE and many engineering colleges in 
the development and application of vari- 
ous testing programs. The most ambitious 
was the Measurement and Guidance Proj- 
ect in Engineering Education operated 
from 1943 to 1948. Substantial financial 
support was furnished by the Carnegie 
Foundation. The project was absorbed 
into the Educational Testing Service when 
that was created in 1948 to merge a num- 
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ber of testing programs. Many engineer- 
ing colleges have used many testing de- 
vices to attempt to select better their 
entering students, and to predict their 
subsequent performance in engineering. 
Nearly all have been modified, and experi- 
mentation continues. This fact of engi- 
neering education contains many unre- 
solved and debatable problems. 


Adequacy and Standards 


From time to time as engineering ex- 
panded as a profession, as it felt the im- 
pact of new scientific knowledge, as its 
graduates were catapulted into fields 
where applied science or other profes- 
sional disciplines required both the spe- 
cialized knowledge and skill of the engi- 
neer, recurring controversies have arisen 
as to (1) the content of the engineering 
curriculum, (2) its objectives, and (3) its 
length. Another such period of inquiry 
and decisions is upon us. ECPD recog- 
nized this by the creation in 1950 of a 
Committee on Adequacy and Standards. 
Its first report was published in 1951. 
This report called attention to the wide 
variation in the quality of engineering cur- 
ricula, even though they met the minimum 
standards imposed by the accrediting pro- 
cedure. It pointed out the need for more 
adequate knowledge of the fundamental 
sciences, the different methods in use for 
relating this knowledge to engineering 
education, and the basic premise that the 
“Differentiating characteristic of the engi- 
neering function is the ability to utilize 
the sciences for the creative process of de- 
sign and development of useful apparatus, 
structures, or other works. .. .” The Com- 
mittee suggested a reappraisal of engi- 
neering education which is now under 
way. 


Conclusion 


The foregoing account of some of the 
major achievements in engineering educa- 
tion during the past century had perforce 
to omit many significant developments, ex- 
periments, and related topics. It should 


be clear that progress in engineering edu- 
cation has been substantial, and that the 


ACHIEVEMENTS IN ENGINEERING EDUCATION 


achievements are significant and numer- 
ous. But it is equally obvious that serious 
problems still confront us, of which eur. 
riculum content, proliferation of curricula, 


‘length of the undergraduate curriculum, 


post-graduate education, and selection and 
guidance are among the more important. 
The ASEE and ECPD have recognized 
the challenge, and there was established 
by ASEE in June 1952 a Coordinating 
Committee on the Evaluation of Engineer- 
ing Education. The results of this inquiry 
will undoubtedly mark an important mile- 
stone in the future of professional educa- 
tion in engineering. 

The major objectives of this important 
study will doubtless be described in the 
last papers of today’s program. Suffice 
it to say here that the continued alertness 
of engineering educators and the engineer- 
ing societies to meet the ever-expanding 
requirements of sound and adequate edu- 
cation for the engineering profession has 
been productive of substantial achieve- 
ments. But this very alertness and the 
lack of complacency which has happily 
characterized these groups, especially dur- 
ing the past half century, have created an 
awareness that the time is at hand for 
some serious soul searching to insure equal 
achievements for the future. There is a 
ferment at work which has had as its first 
product the initiation of the evaluation 
process just mentioned. 

The real measure of the accomplish- 
ments in engineering education is in the 
contributions of its product to the profes- 
sion of engineering. The recognition ac- 
corded that profession; the almost fan- 
tastie progress in industrial development 
and production conceived and managed by 
engineers; the great structures designed 
and built by them for the comfort, con- 
venience and health of our people; the in- 
creased number of great public and pri- 
vate enterprises directed by engineers, 
have been contemporary with the improve- 
ments in engineering education. Indeed 
achievements in engineering education, re- 
sulting in an ever more competent profes- 
sion, has in no small measure been respon- 
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sible for the economic and social progress 
of this country. Engineering is a peculiar 
profesion. It ranges over a broader and 
far more diverse spectrum of future em- 
ployment than any other profession. This 
makes the professional education of its 
future members an unusually complex and 
difficult matter. 

It is believed that the important conelu- 
sions from any objective appraisal of en- 
gineering education over the past century 
will indicate that its achievements have 
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been real and significant; the changing re- 
quirements of the profession have been 
anticipated and met; those engaged in en- 
gineering education have been alert to 
needs required by circumstance and sci- 
ence, and finally, that as in any forward 
moving profession, problems of change 
and adjustment are clamoring for solution 
in the new period of transition before us. 
These will be solved by the collaboration 
of all elements of the profession as other 
problems have been resolved in the past. 


Reserve this date . 


June 22-26, 1953 
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The Technical Institute: Its Relation to Engi- 
neering Education and Trade Training* 


By C. W. BEESE 


Dean, Division of Technical Extension, Purdue University 


Periodically and with increasing fre- 
quency the Technical Institute type of 
education under one name or another 
comes to the fore as a topic of diseus- 
sion. It is my plan to give some of the 
background of the Technical Institute in 
its current form and acceptance, to dis- 
cuss the Technical Institute as we find it 
and try to evaluate some of the influences 
and trends that may give us a clue as 
to where this particular type of educa- 
tion is going. 


Nature of the Technical Institute 


There seems to be a more general agree- 
ment on the major elements in a descrip- 
tion of the Technical Institute than there 
is at the moment on terms commonly 
used for this type of education. A 1931 
report of the Society for Promotion of 
Engineering Education entitled “A Study 
of Technical Institutes” strongly advo- 
cates the use of this term. The influence 
of this report at least within engineering 
education and engineering has been a 
tremendous one. When the Engineers 
Council for Professional Development set 
up an accrediting committee and pro- 
cedures for Technical Institutes, much of 
the Technical Institute concept detailed 
in the 1931 report carried over to the 
accrediting procedure. 

The Engineers Council for Professional 
Development publishes in its annual re- 
port a detailed statement or definition of 
the type of curricula included within its 
accrediting procedure. Because this state- 


* Presented at the Centennial of Engineer- 
ing, September 4, 1952, Chicago, Tl. 
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ment is so important to engineering and 
engineering education it is quoted com- 
pletely as follows: 


“Curricula to be considered are techno- 
logical in nature and lie in the post-high 
school area. They differ in content and 
purpose from those of the vocational 
school on one hand and from those of 
the engineering college on the other. 
Curricula in this field are offered by a 
variety of institutions and cover a con- 
siderable range as to duration and content 
of subject matter, but have in common 
the following purposes and character- 
istics : 


1. “The purpose is to prepare indi- 
viduals for various technical posi- 
tions or lines of activity encom- 
passed within the field of engineer- 
ing, but the scope of the programs 
is more limited than that required 
to prepare a person for a career as 
a professional engineer. 

2. “Programs of instruction are essen- 
tially technological in nature, based 
upon principles of science and in- 
clude sufficient post-secondary school 
mathematics to provide the tools to 
accomplish the technical objectives 
of the curricula. 

3. “Emphasis is placed upon the use 
of rational processes in the principal 
fundamental portions of the cur- 
ricula that fulfill the stated objec- 
tives and purposes. 

4. “Programs of instruction are briefer, 
and usually more completely techni- 
eal in content than professional cur- 
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ricula, though they are concerned 
with the same general fields of 
industry and engineering. They do 
not lead to the baccalaureate degree 
in engineering. Such designations 
as Engineering Aide, Technical Aide, 
Associate in Engineering, and Engi- 
neering Associate are appropriate 
designations to be conferred upon 
the graduates of programs of tech- 
nical institute type. 

. “Training for artisanship is not in- 
cluded within the scope of education 
of technical institute type.” 


or 


The ancestry of many points in the 
above policy can be recognized in the 
SPEE report. In addition the Office of 
Education Bulletin No. 228 entitled “Vo- 
cational Technical Training for Indus- 
trial Occupations” presents a non-engi- 
neering description of the Technical In- 
stitute type of program. 

The Technical Institute program lies 
in an easily recognized area between vo- 
cational training on the one hand and 
professional engineering on the other. 
At the same time it is difficult to define 
specific limits which automatically classify 
a program in one area or the other. The 
Technical Institute programs are essen- 
tially voeational. So too are engineering 
and other professional programs which 
are essentially vocational in their ulti- 


, mate objective. 


An outstanding characteristic of the 
translation of the major objectives of 
the Technical Institute training programs 
is the freedom which educational insti- 
tutions have exercised in developing 
cwricula and operating procedures. Tech- 
nical Institute programs are characterized 
by the strong influence of the objectives 
for which they are designed. These pro- 
grams differ one from another in length 
of training period, the proportion of tech- 
nical work, and the types of instruction 
that are used. 

Admission requirements, at least for 
that group of Technical Institutes ac- 
crediting by ECPD, are not too different 
from those for four year engineering cur- 
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ricula. Perhaps less stress is laid upon 
formal high school education through a 
recognition that maturity and experience 
may substitute for high school gradua- 
tion. 

Technical Institute programs are geared 
to meet the needs of both full time and 
part time pre-employment training. Spe- 
cifie groups of courses to meet training 
needs of persons employed in industry 
are commonly offered as part time evening 
programs. 

The Technical Institute is commonly de- 
seribed as a terminal program. In this 
sense it means that the graduate is 
trained for immediate employment in a 
relatively restricted activity. It certainly 
does not mean that the Technical Insti- 
tute graduate is disqualified from con- 
tinuing his education into the areas of 
professional engineering. Many have 
done so successfully. 

The distinction between the Technical 
Institute program and one of vocational 
training of less than college grade is 
more readily discernible. The Technical 
Institute training pays little attention to 
training in skills. Rather it emphasizes 
the “why” through adequate study of 
college level mathematics, chemistry, and 
physies. The latter technical courses 
familiarize the student with the applica- 
tions in industry of these fundamental 
sciences. 

It is becoming easier to recognize the 
desirable resources of a teacher of tech- 
nical subjects within a Technical Insti- 
tute curriculum allied to engineering. In 
addition to an adequate scientific and 
professional background the teacher in 
the Technical Institute must rely upon 
knowledge gained in practical industrial 
experience and the application of his 
technical “know how” to the needs of in- 
dustry. The Technical Institute teacher 
frequently enrolls in his classes many 
persons who are currently employed and 
whose job experience is considerable. An 
important aspect of the teacher is his 
ability to deal with adults in a way that 
will command mutual respect in the class- 
room. 


il 
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Historical Development 


The first Technical Institutes in the 
United States were organized about 125 
years ago with somewhat the same ob- 
jectives though vastly different curricula 
than we find today. The early. needs for 
technical training arose from the situa- 
tions in a pioneer country with expand- 
ing agriculture and industry. Another 
instance of the trend toward “practical” 
training is in the enactment of the Morrill 
Land Grant Act about ninety years ago. 

It was logical that the colleges should 
undertake the development of technical 
training. They had existed for a long 
time, had developed a heritage of pres- 
tige, and had the advantage of granting 
degrees to label their graduates. 

Many early Technical Institutes have 
had long and proud careers. On the other 
hand a considerable group of schools that 
started as Technical Institutes abandoned 
their objectives to become conventional 
four year engineering colleges. Questions 
of prestige of the degree, the nomen- 
clature of a college, and the pressure of 
alumni seem to overbalance the advan- 
tages of the struggle for a successful 
Technical Institute. 

The Engineering Science Management 
War Training Programs sponsored by the 
United States Office of Education during 
World War II were essentially a Tech- 
nical Institute type of training. Many 
engineering schools introduced programs 
through the ESMWT procedures and fi- 
nancial support and retained them as 
post-war Technical Institute curricula. 


Present Status of Technical Institute 
Instruction 


The needs for increasing technical edu- 
eation have developed Technical Insti- 
tute curricula in schools with varied back- 
grounds. The annual survey prepared by 
Professor Leo Smith of the Rochester In- 
stitute of Technology and published in the 
Technical Education News classifies Tech- 
nical Institutes in the following cate- 
gories and with the corresponding en- 
rollments for 1951-52. 
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Maritime Academy and_ Federal 
Schools 715 
State and Municipal Technical Insti- 


tutes 16,155 


- Privately Endowed Technical Insti- 


tutes 11,140 
Extension Divisions of Colleges and 
Universities 7,435 
Proprietary Technical Institutes 10,290 
YMCA Schools 682 
Total 46,417 


The above enrollments do not recog. 
nize the work done in the junior and 
community colleges in Technical Insti- 
tute type of curricula. The junior or 
community colleges are becoming increas- 
ingly important factors in post secondary 
education especially in certain areas of 
the far west and of the southwest. The 
community college must be reckoned with 
in forecasting the total contributions of 
the Technical Institute type of training. 

The ECPD accrediting program recog- 
nizes only those curricula that lie in fields 
parallel to recognized curricula for en- 
gineering instruction. 


Need for Technical Institute Training 


The current needs for personnel trained 
in a Technical Institute arise partly from 
the present shortage of engineers. Mor 
fundamentally they are the result of 4 
number of factors that exist in the teeh- 
nological age in which we are living. The 
United States census shows that an enor- 
mous increase in the production of goods 
and services has been accomplished with- 
out a substantial increase in the per- 
centage of the population engaged i 
gainful employment. Simultaneously 4 
steadily growing proportion of young 
persons up to 24 years of age are not 
engaged in gainful employment but are 
enrolled in schools or colleges. 

Production and services are requiring 
increasing percentages of skilled and 
semi-skilled employees. | Manufactured 
products are becoming more complex, it- 
dustrial establishments are larger, and the 
coordination of their various element 
more complicated. A knowledge of hov 
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to handle things is no longer sufficient 
rhile knowing how to handle people and 
ideas is becoming relatively more im- 
portant. 

It is now an accepted fact that for a 
period of years the engineering schools 
will be turning out far fewer engineers 
than are needed in industry. Coincidental 
with fewer graduations is a stepped up 
tempo of industrial production which in 
itself increases the demand for engineers. 
How many engineers can be absorbed by 
industry is problematical but surveys in- 
dicate that industrial needs are at least 
twice the number of available graduates. 

Most certainly some shortages can be 
ileviated if fully trained engineers are 
placed only on jobs that require an en- 
gineer’s training. It has been customary, 
probably for very good reasons, to use 
agineers through a training period on 
assignments which can be handled by per- 
sons with less theoretical training. It is 
here that the technician, however he may 
be called, can best make his contribution 
toward increasing industrial productivity. 
Surveys from one source or another in- 
dicate that industry analyzes its own 
program and concludes that it can use 
from two to six Technical Institute gradu- 
ates for each graduate of a four year 
program. 

Opportunities for technical training 
strictly within industry are limited in 
most instances to the acquisition of spe- 
tiie skills and knowledge. Industry is 
requiring, to an increasing degree, that 
new employees shall report with fairly 
well developed specialities backed up by 
basic training in fundamentals that will 
inerease the ultimate capacity of the em- 
ployee beyond what was formerly de- 
manded of him. 

These factors are general ones and exert 
their influence on other types of education 
than the Technical Institute. It is worth 
teeognizing however that the increasing 
emphasis on technical training, the short- 
age of engineers, and the trends in edu- 
tation are emphasizing the Technical In- 
stitute. Those who plan Technical Insti- 
lute programs recognize that the needs 


THE TECHNICAL INSTITUTE 


239 


of industry can be met only through a 
variety of offerings. 


Strengths of the Technical Institute 


Professional engineers through their 
societies and through their industrial em- 
ployers are exerting a strong influence on 
the determination of the Technical Insti- 
tute program within fields allied to en- 
gineering. The Engineers Council for 
Professional Development, representing 
the engineering professions, has through 
its acerediting committee set a pattern 
which requires a high standard of per- 
formance. 

The Technical Institute has an im- 
portant element of strength in that it pre- 
pares for specific employment assign- 
ments with relatively short well integrated 
educational programs. They are varied 
in nature because they are specifically de- 
signed to meet industrial needs. They 
prepare young men adequately for their 
immediate needs and for their ultimate 
growth into jobs of increasing responsi- 
bility. 

Because Technical Institute programs 
are shorter they represent less investment 
in both time and money between high 
school graduation and employment in in- 
dustry. The cost of tuition is small as 
compared to the availability of young 
men for technical employment two or 
three years earlier than if they entered 
industry as graduate engineers. 

The ultimate success of the Technical 
Institute type of training lies in the in- 
dividual success of the graduates. These 
young men enter industry with a training 
in fundamentals and their application to 
industrial situations which places them 
in a position of knowing “why” as well 
as knowing “how”. 


Looking Ahead 


Every industrial and educational sur- 
vey dealing with the Technical Institute 
type of education points to the increasing 
need for its acceptance in industry, in 
education, and by the engineering profes- 
sions. This definitely fixes certain re- 
sponsibilities. 
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Additional institutions that can qualify 
through staff and experience in technical 
education have opportunities to broaden 


their resources through Technical Insti- | 


tute curricula. By direct cooperation with 
industry it is possible to plan short eur- 
ricula to meet the needs of the increased 
numbers of youth who are completing 
secondary schools and who must have 
further technical training before enter- 
ing industry. 

Technical Institute curricula should 
present a balance between training for 
technical competence and that which will 
enable graduates to deal effectively with 
people and ideas and to gain an apprecia- 
tion of social values and responsibilities. 
Such programs are neither competitive 
with nor antagnostic to existing vocational 
programs and professional engineering. 
Proper coordination of the Technical In- 
stitute program with other types of edu- 
cation increase the effectiveness of all of 
them. 

The higher institution which engages in 
Technical Institute training in addition 
to the more conventional degree training 
and research must realize that the Tech- 
nical Institute program is different in ob- 
jective and plan of operation but is not 
necessarily thereby higher or lower in 
educational values than either vocational 
or professional training. 

The engineering profession ably sup- 
ported by licensing requirements reserves 
for itself those levels of professional ae- 
tivity which require the peculiar type of 
training which the engineer receives in 
college. While the engineer seeks to mul- 
tiply his capacities for handling the high- 
est levels of professional competence he 
must be aware that he can increase his 
own productivity by assigning responsi- 
bilities for many technical assignments to 


those with less training than a full en. 
gineering curriculum. It is the responsi- 
bility of the engineer therefore to guide 
and direct the sub-professional type of 
training and the sub-professional tech. 
nician in order that the engineer may be 
increasingly useful in his professional ¢a- 
pacity. 

Both the engineering profession and in- 
stitutions of higher learning jointly share 
a responsibility to promote greater public 
and professional recognition of the Teeb- 
nical Institute type of education. 

Industrial employers are still beset with 
the belief that the standard recognition of 
a post high school training is a degree. 
Much must be done by pioneers within 
industry to sell the idea that the Teeb- 
nical Institute graduate playes a useful 
and important role in industrial organiza- 
tions. The graduate of the Technical In- 
stitute needs recognition in his own right 
because his competence while differing 
from that of an engineer is as necessary 
and perhaps just as important. 


Summary 


There are many indications that teeh- 
nical training has arrived at a point where 
the needs of industrial and other aspeets 


of technological development can be more 


nearly met through an increased emphs- 
sis on the Technical Institute type of 
education. The movement has many ele- 
ments of strength. Well developed Teeb- 
nical Institutes of many different kinds 
are acquiring status in education, i- 
dustry and the engineering profession. 
There are no basic problems which wil 
prevent the development of the Technical 
Institute movement. How fast the insti- 
tute type of training will grow depends 
upon the acceptance of its potential cor 
tribution to our economic achievements. 
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The Engineer and the Scientist* 


By W. F. G. SWANN 


Director of the Bartol Research Foundation of the Franklin Institute and Senior Advisor 
for the Franklin Institute Laboratories for Research and Development 


In the company of those representatives 
of what man has achieved since the birth 
of civilization stand several hoary-headed 
patriarchs. There is painting, an old fel- 
low so rich in years that even civilization 
itself does not cover the span of his life. 
Apart from a few bizarre distortions of 
his normal physiognomy representative of 
modern art, he seems very much as he 
was 500 years ago. There stands archi- 
tecture, who reached his zenith when most 
of the modern world was peopled by be- 
ings not far removed from savages. There 
stands sculpture, at the peak of its per- 
fection two thousand years ago. There 
sands literature, grown to full maturity 
in the time of the Caesars. There stands 
music, younger, it is true, than its com- 
panions in art, but old enough to have 
acquired traditions stemming well into 
the past. 

And in this ancient and dignified com- 
pany there stands a representative who 
is little more than a child in years. He 
isindeed an infant prodigy by the stand- 
ards of age of his fellows, a prodigy 
whose brilliance seems to stagger the 
imagination of all around him. In the 
last 150 years of his life, he seems to 
have accomplished in his own field more 
than has been accomplished by all the 
hoary-headed representatives of man’s 


genius from time immemorial and indeed - 


% per cent of his achievements are prod- 
ucts of the last half century. This 
prodigy, whose name is Science, can be 


* Address at Centennial of Engineering, 
Chieago, Illinois, Sept. 4, 1952, founded 
upon material presented by the author in 
Physics Today, June, 1951. 
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excused if, in looking around him, he 
does so with a patronizing air and a feel- 
ing that if all who are in his company 
would do things as he does them all 
would be better done. 

In his advice as to procedures this 
child, Science, speaks in great detail, and 
as I study his precepts I become alarmed 
at the ignorance of my forefathers. I 
feel that there is nothing that they could 
do which I should not be able to do better. 
I know quite a little about mechanics 
and machinery. I know quite a little 
about the laws governing the workings of 
things. I know quite a little about how 
to design things so that they shall be- 
have as I expect them to behave, and I 
shudder to think of the time when what 
I know was not known. And then, I re- 
ceive rather a jolt to my complacency. 
I look at one of Michelangelo’s master- 
pieces in Rome, and as I gaze at the 
great dome of St. Peter’s I am conscious 
of a certain fear lest some spirit, con- 
scious of my arrogance, should come to me 
and say: “Swann, I am commissioned to 
order you to build another dome like 
that, with such modifications as will in- 
sure that it is not a straight copy.” <A 
chill of fear comes over me for I am 
conscious of the fact that the dome I 
build will probably fall down. I beg my 
visiting spirit to wait while I consult an 
engineer who is skilled in these matters, 
but be denies me this privilege and says: 
“No, my friend, you must build it with 
the knowledge you have. Did not I find 
your mind, a moment or so ago, compar- 
ing its knowledge with that of Michel- 
angelo? Did you not tell yourself that 
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even when you were quite a young man 
you knew more about statics, about the 
theory of elasticity, about dynamics and 
about mathematics than was ever known 


to Michelangelo, and were you not assur- - 


ing yourself that unless a man knew these 
things he could not design even a simple 
building so that it would be secure against 
catastrophe. It was only when you turned 
out of the narrow street in which you had 
been walking and saw Michelangelo’s 
masterpiece that you became a little con- 
fused as to your reasoning. No, my friend, 
my orders are that you should build that 
dome with the knowledge that you have. 
After all, do you not know much more 
than Michelangelo knew about the very 
things which are concerned in the erec- 
tion of that structure?” But as the re- 
sponsibility is forced upon me, my fears 
grow and I beg the spirit to allow me 
to talk with somebody. “Perhaps,” says 
my tormentor, “you would like to consult 
with Michelangelo. Shall I call him forth 
from the grave for an appointment?” 
And then as, in bewilderment, I turn to 
look upon this spirit, I find him looking 
at me with a humorous smile as he says: 
“My friend, go your way. You are ex- 
cused from building the cathedral. After 
all, the time has not yet come for its 
visitors to be sent so suddenly to heaven.” 

And so I departed in some humiliation 
to meditate upon this comparison of my 
knowledge with that of the great mediaeval 
architect. 


Acoustics 


In order to restore my morale, I de- 
cided that before I was commanded again 
to undertake such a dangerous task as 
building a cathedral, I would attempt 
something on a smaller scale, where a 
little accident here and there would not 
be so catastrophic. And so I thought of 
acoustics, for after all the nature of 
sound is quite well understood. I can 
work out neat mathematical problems 
about sound. I can do all sorts of stunts 
with Fourier series and with differential 
equation and the like, stunts which would 
have flabbergasted old Michelangelo. In 
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seeking a focus for my abilities in this 
matter, I came upon an old violinist who 
was highly skilled in his art, but knew 
nothing about science. In fact, after a 
few words with him, I found that he 
knew no more about acoustics than did 
Michelangelo. I said to him: “My friend, 
I have been watching you play that in- 
strument and I think that I may be able 
to tell you how to play it better, for I am 
a student of acoustics and know all about 
the laws of sound. With my knowledge 
and your skill, I am sure it should be 
possible to play the violin better than 
you play it.” “Very well,” said the old 
violinist, “here is the violin—play it.” 
“Oh, please,” I said, “not so fast. | 
wish to start with something much more 
fundamental. Indeed, I do not know that 
I wish to use that instrument at all. It 
seems to me a very stupid instrument, 
with no scientific background It is strung 
with a eat’s inside and played with a 
horse’s tail. It has a form dictated by 
no scientific principles and the only in- 
formation I have been able to find with 
regard to it is to the effect that the form 
had something to do with the supposed 
figure of the Virgin Mary. I would like 
to study a very simple case first.” And 
so, I proceeded to suspend a simple 
stretched string between two fixed points 
in space and to discuss all the various 
modes of vibration. I explained how 
the frequency of vibration determines the 
pitch, how the overtones determine the 
quality and so forth. The old violinist, 
much impressed, but much _ bewildered, 
said: “All right, here is the bow; now let 
us play it.” On drawing the bow across 
the string, the old violinist heard nothing, 
for we all know that a string so mounted 
would emit practically no sound at all. 
The old violinist complained that he could 
not hear anything, but I felt that it was 
very unreasonable of him to insist upon 
what, it seems, is the relatively minor 
matter of hearing something and pro 
ceeded to argue that it is much better to 
understand what you do not hear thar 
to hear what you do not understand. But 
the old violinist seemed sad about this 


matter a 
however, 
not knov 
to do it. 


Sta 


It is « 
scientific 
lem, and 
that one 
eontrol t 
where tl 
matter iJ 
procedur 
he starte 
inquire 1 
hot wire 
periment 
ing laws 
research 
of the pl 
in isolati 
no great 
they 
of scien 
ment, 
marshalle 
more eff 
potential 
world of 
hundred 
if viewec 
so comp 
niraculor 
courage | 
imagine 
kind whe 
sense—it 
kind of 
have arri 
tronics, 
basie fun 
ject, and 
the varic 
sales bul. 
the switc 
we woulc 
week; bi 
tinued to 
that we 
anything 


e could 
it was 


it upon 

minor 
d 
etter to 
ir than 
d. But 
ut this 


matter and went away, a little comforted, 
however, by the fact that although he may 
not know what he is doing he knows how 
to do it. 


Start With Simplified Problem 


It is characteristic of the ways of the 
seientifie attack to take a simplified prob- 
lem, and, by studying it thoroughly, hope 
that one may proceed to understand and 
control the complex problem. In the field 
where the man of science has had the 
matter in hand from the beginning, this 
procedure has been very successful. Thus, 
he started with pure academic interest to 
inquire why electricity was emitted from 
hot wires in a vacuum. From the ex- 
periments of this epoch certain interest- 
ing laws developed which incited further 
research and further experiments. Some 
of the phenomena were born more or less 
in isolation and by themselves presented 
no great individual prospects. However, 
they were brought together by the man 
of science, who nurtured their develop- 
ment, watched over their progress, 
marshalled them from time to time into 
more efficient groups as regards their 
potentialities, until finally we have in the 
world of today, radio, television, and a 
hundred other things whose operations, 
if viewed for the first time, would seem 
so complicated, so unrelated, and so 
miraculous that no brain would have the 
courage to interpret them. If we could 
imagine some super-genius of the inventor 
kind who, by a rule of thumb and horse 
sense—it would have to be a very special 
kind of a horse—had arrived where we 
have arrived today in the science of elec- 
tronics, but without knowledge of the 
basic fundamentals pertaining to the sub- 
ject, and if this genius presented us with 
the various pieces of equipment, with 
sales bulletins telling us how to turn on 
the switches and manipulate the knobs, 
we would have a marvelous time for a 
week; but even if the apparatus con- 
tinued to function longer, I venture to say 
that we should have a terrible task if 
anything went wrong with it, and further 
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improvement in its operation would take 
place very slowly indeed, if at all. 

Now unfortunately the man of practi- 
eal affairs has not the opportunity, so 
frequently afforded to the man of pure 
science, of choosing his own battleground 
or even the antagonists with whom he 
will contend. The man of science fash- 
ions his weapons and invents them to his 
liking. Then he seeks an enemy against 
whom he may use them with the greatest 
efficiency. Sometimes when victory has 
been attained, the territory conquered is 
rather barren, but he may care little for 
this if the fight has been a good one. 
Sometimes the acquired territory is rich 
in values of many kinds, in which case 
the inventor receives much kudos for the 
benefits he has brought to mankind. He 
is given credit for having. unselfishly 
worked for the good of his fellows. Alas, 
I fear that in this matter there is a good 
deal of hypocrisy. In 90 per cent of the 
cases he has worked on the job because he 
liked the job, as Richard Coeur de Lion 
fought the Saracens, not so much for 
holy motives, as for the reason that to 
him war was the meat and drink of his 
existence. If the researcher should find 
that the future gave utilitarian value to 
his discoveries, he would probably be as 
surprised as anyone else at such a con- 
summation of his efforts. 

As I have said, the practical man has 
not the opportunity of choosing his terri- 
tory for the battle, and those who support 
him are not willing to look far into the 
future and hazard the belief that what 
he does today may be of great value then, 
even if it has no value now. The practi- 
cal man has to meet the problems as they 
come to him. Even if some kind spirit 
should reveal to him the ultimate funda- 
mentals at the back of his problems, it 
might not be practicable to find the so- 
lution for his immediate task by tracing 
the story from the fundamentals to the 
end point. Even though the problem 
might be one of no perplexity in: the 
sense that the train of relationships could 
be visualized, it might be one of great 
complexity, so that its solution was not 
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realizable within the limits of the skill 
of man. 

If I tap this table, I feel that I under- 
stand the fundamentals which control the 
nature of its oscillations. I can write 
down the differential equations which 
govern the whole story and whose solu- 
tion, subject to the appropriate bound- 
ary conditions, would represent the last 
word in the problem. Alas, however, it 
is probable that in this particular case 
the solution would be attended by such 
difficulties of mathematical complication, 
that no mathematician who had ever lived 
could solve it. The problem is one of 
no perplexity but of staggering com- 
plexity. 

And so it behooves the practical man 
of science, the engineer, to adopt pro- 
cedures less ambitious than those of the 
man of pure science; and as a conse- 
quence, there come into being empirical 
relationships which experiment reveals 
to represent truths and which could pre- 
sumably be deduced from more funda- 
mental starting-points if one only had the 
knowledge and skill to carry out the 
process. When so deduced, it would fre- 
quently appear that the empirical rela- 
tions are approximations, but approxima- 
tions so good that nothing better is neces- 
-sary for the practical end point. One 
of the reasons for difficulty in relating 
the empirical rules to the ultimate funda- 
mentals is the fact that those funda- 
mentals have frequently no power to 
suggest that the things which are ne- 
glected in the approximation are really 
negligible, for they have to be prepared 
to deal equally well with other problems 
in which they are not negligible, even 
though no such problem should present 
itself among those concerned in the affairs 
of our universe. 


Fundamental Principles 


In any domain of scientific knowledge, 
we are concerned with the basic funda- 
mental principles, which usually take the 
form of differential equations, and the 
solutions of problems governed by those 
principles. The physicist is apt to place 
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the solutions in a role subordinate to the 
fundamentals. This is a questionable 
procedure, for the solutions are in a 
sense richer in law content than are 
the fundamentals. The fundamentals 
apply to all solutions and __ there. 
fore dare not emphasize the special fea- 
tures of any particular solution. Thus, 
to take an example, the fundamental taws 
of acoustics, supplemented by recognition 
of the psychological significances of pitch, 
quality, ete., govern the course of all 
sounds which are produced. They govern 
the course of acoustical phenomena in- 
volved in the production of Beethoven's 
Fifth Symphony and they also govern 
the acoustical phenomena involved in the 
singing of “Old Man River” but they have 
no more power to demand one in prefer- 
ence to the other. Now the musician is 
very much interested in which composition 
is being played. Moreover, when he has 
his compositions, he starts to invent new 
laws relating to the compositions them- 
selves. He starts to invent laws of har- 
mony and counterpoint. The fundamental 
laws of wave motion, basic to acoustics, 
have no objection to our musician’s laws 
of harmony and to what he tells his 
pupils as to how the compositions should 
be played, but they take no part in de- 
manding these laws and give the musician 
no help in his task of formulating them. 
These laws are laws characteristic of the 
group of solutions of the fundamental 
laws, the solutions in which the musician 
happens to be interested. Indeed, I sup- 
pose a pure acoustician who was asked to 
present a concert would demand that a 
blackboard be placed upon the stage. On 
the blackboard he would write the differ- 
ential equations controlling acoustical vi- 
brations. He would turn to the audience 
and say: “There, my friends, you have it 
all! Everything that has ever been com- 
posed and everything that ever will be 
composed! I hope you enjoy it! Good 
evening.” 

Now the engineer, as distinct from the 
pure physicist, is a little bit like the 
musician. He is very interested in the 
particular problem itself and in the re 
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lation of one problem to another. He 
senses relationships applicable to the par- 
ticular solutions, which relationships he 
may very well formulate as laws. The 
mathematical physicist may be a little 
annoyed at this and inform him that his 
various laws are not independent. “Do 
you mean,” says the engineer, “that you 
ean deduce all of them from one of 
them?” “Oh no,” says the mathematician, 
“they are neither independent, nor will 
any set of them completely define the 
remainder. From my standpoint, they 
are an abominable logical mess.” “But,” 
says the engineer, “are they not all right?” 
“Oh, they may be all correct,” saws the 
mathematician, “but they are like a lot 
of ill-dressed people. The hat of one 
belongs to the coat of the other, the shirt 
of one belongs to the collar of another. 
They are awful.” Now the engineer does 
not worry so much about this, provided 
that his laws are of use. He does as much 
as he can by discovering valuable rela- 
tions among the various things which he 
studies and combines these relations here 
and there, using everything he can get 
hold of to help him, even the pure mathe- 
matics and logie of the mathematician, 
when he can, and he seeks, with this 
rather heterogeneous combination of para- 
phernalia to accomplish what he sets out 
to accomplish. 

And so, in meditating upon our ancient 
and mediaeval architects, I have to be- 
lieve that, though unconscious of the 
general fundamental laws, they neverthe- 
less sensed many things which were true 
and were able to mould them into a frame 
of procedure which was sufficiently con- 
crete and self-consistent to serve as a 
guide in their operations. We should feel 
very insecure in this frame, fearing that 
something had been forgotten, unless we 
could see the elements of that frame as 
consistent parts of the more complete 
whole. 


Seek Better Understanding 


The man of science frequently finds 
himself seeking for a better understanding 
of the law with which he deals. 


Now 
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this concept of understanding possesses 
the potentiality of breeding many illu- 
sions. I could talk for some hours on 
this matter, but one example will have to 
suffice. 

In my student and early teaching days, 
it was the custom to seek an explanation 
of everything upon a purely dynamical 
basis. It is true that dynamics itself, at 
the period of its birth, was not a science 
which appealed immediately to the in- 
tuitions of the scholars of that time. A 
description of motion in terms of the 
activities of supernatural beings who car- 
ried things about in a manner determined 
by God was something which appealed 
much more strongly to the intuitions of 
the day. However, the collosal achieve- 
ments of Newton and his successors grew 
a kind of reality into these dynamical 
concepts, a reality which, as time went 
by, became stronger and stronger, so that 
in the latter half of the last century there 
were many who felt that so-called dy- 
namical principles represented the ulti- 
mate basis of understanding and were 
themselves fundamental in their claim to 
be understood without appeal to anything 
else. He who did not feel in his bones 
that dynamics was unassailable and obvi- 
ous in its meaning was an ass, or at best 
a kind of lunatic devoid of the funda- 
mentals of common sense. 

The matter is illustrated by a comment 
in Sir Arthur Schuster’s “Theory of 
Optics,” written as late as 1904, and it 
must be remembered that Schuster was 
one of the world’s high priests of natural 
philosophy in that epoch. He writes: 
“The study of physics must be based on 
a knowledge of mechanics, and the prob- 
lem of light will only be solved when we 
have discovered the mechanical properties 
of the ether.” Writing in another place 
of Maxwell’s equations, he remarks: “The 
fact that this evasive school of philosophy 
has received some countenance from the 
writings of Heinrich Hertz renders it all 
the more necessary that it should be 
treated seriously and resisted strenu- 
ously.” 
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And so, in my student and early teach- 
ing days, it was the custom, following the 
lead of Maxwell himself and his school, 
to seek an explanation of electrodynamic 
phenomena on purely dynamical bases. 
If we wanted to make somebody under- 
stand a circuit with self-induction, 
pacity and resistance, we would refer to 
a ball vibrating in a viscous fluid at the 
end of a spring. We would say: “Now 
the self-induction in this circuit is like 
that mass on the end of the spring. This 
capacity is like that spring. The electrical 
resistance of the wire is analogous to the 
viscous resistance of the liquid, and so 
forth.” By thinking of the spring and 
ball, which we of the older generation 
felt we understood more or less, we en- 
deavored to accommodate our thinking 
so as to understand the electrical problem. 
Today all of this appears to be changed. 
At an early age youngsters start to play 
with radios and to acquire quite a little 
knowledge concerned with the essentials 
of their operation. This fact has reversed 
the whole situation as regards reality in 
the mind of youth, and the youngster of 
today and the older youngsters who are 
doing research in our laboratories seek to 
understand dynamics by showing that it 
is like electrodynamics. And if the 
youngster wishes to understand how a 
ball bobs up and down on the end of a 
spring when immersed in oil, his teacher 
is apt to say: “Now this weight is just 
like that inductance in one of your radio 
circuits. The spring is like the capacity, 
the viscous resistance of the fluid is like 
the resistance of the wire. Now you know 
that the electrical circuit will oscillate; 
and in a similar kind of way, the ball 
and spring oscillate. You know that if 
the electrical circuit is stimulated by an 
external force of frequency equal to its 
own, it will resonate and build up a big 
amplitude; and for exactly similar rea- 
sons, the ball on the end of the spring 
builds up an amplitude when subjected 
to an external force which harmonizes 
with the system in frequency.” Thus, 
since you understand all about the nature 
of the electrical oscillations of the circuit, 


you ought to be able to stimulate your 
brains to the point of understanding why 
and how a ball bobs up and down on the 
end of a spring in. oil.” 

’ No longer does the engineer seek to 
understand his electrical problems through 
mechanical ones, but when he gets a me- 
chanical problem, the first thing he does 
is to seek the electrical analogue and 
think in terms of that—he seeks the 
equivalent electrical circuit. And so this 
concept, reality, is indeed like a chame- 
leon, changing its color to harmonize with 
the setting of its time. 

If I were asked to distinguish as far 
as possible in a few words between the 
state of mind of the pure physicist and 
the engineer, I would, summarizing what 
I have said earlier, claim that the high 
spot of the interest of the physicist is 
the understanding of the relation between 
the various parts of his science in terms 
of the minimum number of hypotheses or 
starting points. If he is a very sophisti- 
cated physicist, he will realize that prob- 
ably no set of starting points has any 
prior claim to fundamentality other than 
is implied in this potentiality of represent- 
ing the minimum of starting points. To 
the physicist, a good set of laws provides 
the means through which, by saying few 
things, many consequences may result. 
Sometimes the physicist is not so inter- 
ested in tracing out the consequences of 
his laws, but the consequences represent 
the main interest of the engineer and 
sometimes the consequences themselves, 
with their interrelations, can form a 
scheme for the deduction of further use- 
ful consequences without very much ap- 
peal to the fundamentals. This wide 
knowledge of the consequences of the 
fundamental laws can grow a sensitivity 
to the way things happen and can grow 
it even in the mind of him who is un- 
acquainted with the fundamental laws. 
This sensitivity, developed to a high de- 
gree, provides what we may call intuition. 
And so, in meditating upon our ancient 
and mediaeval architects, I have to be- 
lieve that, though unconscious of the 
general fundamental laws, they never- 
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theless, on the basis of hundreds of years 
of experience, sensed many things which 
were true and these they were able to 
mould into a frame of procedure suffi- 
ciently concrete and self-consistent to 
serve as a guide to their operations. 

As distinct from the procedure of the 
conventional man of science, and farther 
to the left, as it were, than the engineer, 
we find the inventor. Frequently the in- 
ventor is very hazy as regards the funda- 
mental principles which control the phe- 
nomena with which he deals, but he enjoys 
a certain compensation by the utilization 
of knowledge of an enormous number of 
experimental facts and processes which he 
combines in all sorts of ways in search 
of the end he desires. There is apt to be 
a high mortality in the expected achieve- 
ments; but valuable end products fre- 
quently appear, even when, in the light 
of a strict appraisal of affairs as repre- 
sented by the scientific knowledge of the 
day, it would seem that they never. should 
have appeared. 


Engineer Stands Half Way 


The engineer stands half way between 
the pure scientist and the inventor. He 
is not so concerned with harmony of re- 
lationships leading back to the simplest 
form of fundamentals, but he is concerned 
with the reasons for things in terms of 
empirical relations, etc., which he uses to 
guide his thinking. The inventor is for 
the most part conscious of these relation- 
ships only through a strong sensitivity 
to their results. 

The inventor walks in the territory 
which the man of science has mapped out 
into regions of assured fertility, dubious 
fertility, and almost certain sterility. The 
man of science, and indeed the engineer, 
are inclined to conserve their efforts by 
walking in the rather limited realm which, 
on the basis of the laws with which they 
operate, represent regions of assured fer- 
tility. However, the inventor walks with 
courage everywhere. He sees a pasture 
which he thinks has promise. The physi- 
cist would explain to him that his reasons 
for expecting something from that region 
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are invalid, and in 90 per cent of the 
eases they are, but the inventor walks 
nevertheless. He walks persistently, so 
that every now and again he finds some 
spot which is rich in content, not perhaps 
for the reasons that he expected, but for 
other reasons of which he may be only 
partially conscious. If we should trace 
his own reasons to their origin, they 
might constitute a set of heterogeneous 
associations with no very obvious logical 
connection, but which, through the scheme 
of profound regularity inherent in na- 
ture, had conspired to give a suggestion 
which was fruitful in spite of the very 
dubious foundations upon which the sug- 
gestion was made. 

There was a celebrated inventor whose 
employees hung upon the walls of his 
laboratory a placard which stated as fol- 
lows: “The poor fool didn’t know enough 
to know that it couldn’t be done, so he 
went ahead and did it.” 

In seeking to understand the relation- 
ship between phenomena as we meet them 
without an appeal to fundamentals, much 
use is made, particularly by the engineer, 
of analogy. Indeed, Maxwell’s electrody- 
namie scheme, as already cited, had as its 
object the setting up of an exact analogy 
between dynamics and the science of 
electricity and magnetism. Frequently, 
however, analogies take the form of ap- 
proximations, but when the approxima- 
tions are established, the practical man 
rapidly grows intuitions which become 
sharpened with time and develops, for 
the realm of the analogy, a set of laws 
which are self-contained even though their 
relation to the fundamentals may be 
hidden. 

One has an example of this in matters 
pertaining to electrical circuits where, 
provided that the wave length of any 
oscillations concerned in the circuits is 
long compared with the dimensions of the 
circuit, we can think in terms of a cer- 
tain type of simplification. There grow 
the concepts of capacity, inductance, im- 
pedance, to which the practical engineer, 
stimulated perhaps by rivalry with the 
medical profession, feels the urge to add 
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another number of godforsaken words, 
such as admittance, transconductance, ete. 
While seeking to stimulate my sarcasm in 
this connection, I have thought of a new 
term “abuttance.” I present it to the 
radio engineers in the hope that they will 
find a meaning for it. At present it is 
like the doctor’s discovery of a “eure” 
for which there is no disease. 

In terms of the simplified laws, the 
practical man proceeds to manipulate 
these various quantities and to become 
very clever at predicting what will happen 
in this case and in that. Occasionally, 
however, situations arise in which the 
simplified laws no longer are adequate. 
The practical man does something about 
this by making some kind of correction 
as far as possible in the language of his 
old formulation. As knowledge advances, 
however, more and more of such cases 
arise and the patches on the patched up 
framework become more obvious than the 
framework itself. 


Engineer Must Acquire New and 
Strange Tools 


As more and more of the fruit of 
nature’s richness becomes plucked, more 
and more of the potentialities of em- 
piricism, founded upon the structure of 
matter in bulk, become exhausted, and the 
more do we have to look to the sub- 
grained atomic and nuclear structure of 
matter for further progress. This neces- 
sity of an appeal to fundamentals has 
made itself obvious in electronics, where, 
however, these sub-grained matters have 
made their appearance with such subtlety 


National Science 


Edward McHugh, director of the Divi- 
sion of Research and Industrial Service, 
has announced that the National Science 
Foundation has made a grant of $10,200 
to Clarkson College of Technology to 
sponsor research on “Mass Transfer Co- 
efficients and Interfacial Areas in Packed 
Columns.” 
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that even the practical man has become 
inveigled into thinking in terms of them 
and to walking in a territory which would 
have filled him with fright if he had been 

‘thrown into it all at once. And nov, 
these sub-grained matters are invading 
other realms, the realms of metallurgy, 
where new things about the strength of 
materials, the nature of friction, ete., are 
only eapable of being understood in terms 
of laws about atoms and molecules and 
laws, moreover, involving ideas born of 
such relatively abstract things as _ the 
quantum theory of atomic structure. The 
time is coming when the engineer will 
find that the sharpening of his old tools 
is not sufficient for his task. He must 
acquire new and strange tools, tools which 
seem antagonistic to his common sense. 
But common sense is a curious attribute. 
In its proper domain, it is a jewel of 
priceless value, but when strongly en- 
trenched in any realm, it can impede 
progress. Fortunately, it is a changeable 
kind of thing, and it will happen in the 
future, as it has happened in the past, 
that the common sense of the past is the 
nonsense of today, and the apparent non- 
sense of today is the common sense of the 
future. It is for the young engineers, 
or at least for those of them who are 
concerned with some of the most interest- 
ing aspects of future developments, to 
attune themselves to the common sense 
which is to come, that they may walk with 
the same security under its guidance as 
their predecessors have walked under the 
guidance of the common sense of their 
day. 


Foundation News 


James H. MeMillen has joined the staff 
of the National Science Foundation as 
a member of the physics staff of the Di- 
vision of Mathematical, Physical and En- 
gineering Sciences. He comes to the 


Foundation from the Naval Ordnance 
Laboratory, where he was chief of the 
Hyperballisties Division. 
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Looking Ahead in Engineering Education* 


By L. M. K. BOELTER 


Dean of Engineering, University of California at Los Angeles 


Looking ahead in Engineering Educa- 
tion is indeed a precarious undertaking. 
The existence of a temporal region of ex- 
perience from which a rational extrapo- 
lation may be made is postulated. To this 
end the author has relied heavily on the 
historical data presented in the reports of 
the American Society for Engineering 
Education (1). Evidence of lag in effec- 
tuating ideas of engineering leaders and 
of eyelic repetition (probably of period 
equal to a generation) as well as the lack 
of the application of the experimental 
method to pedagogical procedures and to 
curricular changes may be found in the 
literature, including college catalogs. 

Again, the earlier lack of acceptance of 
Engineering in the universities of the 
United States ¢ has left vestigial sears and 
other effects which are manifested in the 
academic organizational structures and 
academic attitudes. The establishment of 
the Land-Grant Colleges and the early 
Institutes of Technology had a salutary 
effect upon the position of Engineering 
in the Higher Educational Structure of 
the United States. 

The first works of Engineering rest in 
antiquity. The works of Engineering and 
Architecture can hardly be separated at 
the beginning. The great accomplish- 
ments of the ancients shall not be re- 
counted here but it will be observed that 
the progenitor of the Modern Professional 
Engineer was not always required to con- 


* Presented on September 4, 1952 at the 
Centennial of Engineering, Symposium on 
Engineering Education and Training, Chi- 
cago, Illinois. 

+The same phenomenon was exhibited in 
Germany (2). 
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serve national resources or to practice 
economy. On the other hand, he had much 
less power available to perform the as- 
signed tasks. Again the early engineer 
expended a goodly amount of energy de- 
veloping engines of war. 

The transmission of knowledge in the 
early days was either through shrewd ob- 
servations of the existing engineering 
works or through the master-pupil rela- 
tionship, although certain records were 
maintained also. 

The first American engineering cur- 
ricula (1) may be characterized as applied 
science containing a liberal core of socio- 
humanistic studies. Shop courses were 
introduced fairly early and remained in 
one form or another in many curricula for 
at least two generations. Engineering 
laboratory instruction was also begun 
early in the period of the germination of 
engineering instruction, approximately 
1870. 

Throughout the succeeding years a gap 
grew between the sciences (Physics and 
Chemistry particularly) and their applica- 
tion in the Engineering courses and in the 
profession. Engineering curricula could 
no longer be characterized as applied 
science. Rather, Engineering emerged 
as a science in its own right and in addi- 
tion great stress was laid upon the art of 
Engineering. But the bases upon which 
Engineering Instruction were built did 
not change with the change in philosophy 
and content of the Physical Sciences. 
Thus a gap of approximately one genera- 
tion developed between knowledge as 
added to the Sciences and its application 
in Industry, which gap was reduced to 
several years during World War II. 
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Parenthetically, developments in the Phys- 
ical Sciences have, however, resulted in 
the creation of new Engineering Curricula. 
This gap between the formulated and ex- 


perimental knowledge of the Physical Sci-~ 


ences and the content of engineering 
courses and the application to the design 
of Engineering systems cannot again be 
allowed to develop. 

Segments of the Physical Sciences may 
be neglected in the Science Departments; 
these areas must be assumed by Engineer- 
ing but their assumption should not pre- 
vent the transmission of new knowledge 
of the Physical Sciences into Engineering. 


Unterstiitzungen of the Curriculum 


The four-year professional undergradu- 
ate curriculum is still considered to be a 
standard and has proven satisfactory.* 
However, supports for the curriculum, 
quintuple in number, will be developed 
so that the four-year curriculum will re- 
main “a unique segment” of Engineering 
education. 

1. A considerable body of opinion now 
exists to the effect that at least two years 
can be substracted from the pre-college 
school experience (3) of a student who 
has the intellectual capacity for college 
work and who also possesses the necessary 
physical stamina. In other words, the 
same material now presented can be com- 
pressed into a lesser time or the equiva- 
lent of two years of appropriate work 
may be added between the kindergarten 
and high school graduation. Canadian 
and European experience will aid to point 
the way. 

The subject material to be introduced 
in the two years saved will receive careful 
attention. The University of Chicago in 
the University College has studied inti- 
mately the recasting of knowledge (4), 
the emphasis on particular modes of rea- 
soning, and desirable methods of instruc- 
tion (5). 

2. The work-study program (often for- 
malized and called the cooperative pro- 

*Certain Colleges of Engineering main- 
tain 5 year curricula at the present time, for 
example, Cornell University. 
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gram) deserves much more thoughtful at- 
tention and support. With a slight change 
in the college calendar and scheduling of 
all required courses each term, students 
may be given the opportunity of indus. 
trial employment of technical level com- 
mensurate with their maturity, training 
and education. Briefly, an industrial (or 
governmental) organization will set aside 
one job which either two, three, or four 
students will serve seriatim each year de. 
pending upon the college calendar. The 
undergraduate professional curriculum 
demands the support of this program for 
survival. 

3. The Engineering profession will en- 
courage and develop an internship pro- 
gram to begin directly after the award of 
the Baccalaureate. Certain industrial or- 
ganizations have made great strides in 
post-graduate study for their employees 
for instance see (6). But the profession 
has not yet effectively and formally ree- 
ognized a post-bachelor’s program for the 
training and education of a professional 
engineer. Note: The Engineering Socie- 
ties require a certain number of years of 
“in responsible charge” and certain State 
Laws require that engineers-in-training 
serve under registered professional engi- 
neers. 

The College of Engineering, the En- 
ployer, and the Engineer-in-training (or 
Junior Engineering) acting in concert 
would, in the following tentatively pre 
sented plan, arrange an individual pro- 
gram consisting of part or of all the fol- 
lowing components: 


a) On-the-job employee instruction by 
supervisors. 

b) On-the-job self study. 

c) On-the-job courses. 

d) Off-the-job courses, socio-humanistit 
and technical. 

e) Off-the-job self study. 


The program will be designed to aid the 
engineer-in-training to achieve profe 
sional status, to insure more effective per 
formance of the job assignments durin 
the training program and to fill such gaps 
in general knowledge and specific applia 
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tions as will allow the most effective dis- 
charge of his duties as a citizen. 

An examination or/and a dissertation 
based upon the total training and educa- 
tional experiences of the candidate for the 
previously selected period (say four to 
five years) will climax this internship 
program. The initiation of this program 
at an early date is imperative to the fu- 
ture well-being and strength of the pro- 
fession. 

4. The post-graduate education of the 
engineer-in-training and that of the pro- 
fessional engineer will receive attention 
through an intensified adult education 
program, sponsored by Engineering Ex- 
tension. Technical courses designed to 
(a) broaden the engineer, (b) specialize 
his experiences and general courses de- 
signed to give depth and meaning to his 
contributions to society will be available. 
Correspondence courses designed to meet 
specific needs will be had more generally. 
Techniques will be designed to aid the 
engineer who is located in out-of-the-way 
places both domestic and foreign. Publi- 
cations of the Engineering Societies will 
be utilized to increase the pertinence of 
the post-graduate educational experience. 

5. Finally a dynamic graduate program 
leading to either Science or Engineering 
degrees is in a virile growth stage. Grad- 
uate work in Engineering assumed a mas- 
ter-pupil relationship in its early days 
with emphasis on the original individual 
investigation. Accompanying its growth 
will come a recognition that a change 
of method of instruction is necessary. 
Courses are now replacing seminars, in- 
structors are undertaking the direction of 
many research projects; the result in 
many instances has been that graduate 
work either has become an image of under- 
graduate instruction or has retained the 
master-pupil relationship but on a larger 
seale and in either case the effectiveness 
of the instructional methods must be ex- 
amined. 

Graduate students may wish to obtain 
4 foundation which will allow them to 
practice the Engineering of Tomorrow 
for which a knowledge of the modern con- 
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cepts in the Physical and Life Sciences is 
essential. Others may wish to broaden 
their base in engineering while still others 
may wish to specialize in a branch or 
phase of engineering. Combinations of 
the three objectives, although resulting in 
dilution, are also a possibility. 

As graduate work in engineering be- 
comes an accepted part of the training 
and education of the professional engineer 
the present dichotomy will be resolved 
through the development of two paths 
toward advanced degrees. 

The M.S. and Ph.D. degrees (or their 
equivalent) will be directed toward the 
discipline of research, with emphasis upon 
the techniques of analysis and with the 
subject objectives either chosen to decrease 
the gap between the Physical and Life 
Sciences and Engineering or selected to 
broaden the student’s background in engi- 
neering. In summary, this graduate ex- 
perience may be designated as existing in 
the area of Engineering Science. 

The other stem, clearly a professional 
stem, leading to the degrees Master of 
Engineering and Doctor of Engineering 
will be directed to the discipline of the 
design of engineering systems with em- 
phasis on the techniques of synthesis and 
with objectives of either broadening or 
deepening the student’s background in 
engineering. This graduate experience 
may be designated as existing in Engi- 
neering as an Art strongly supported by 
Engineering Science. 

In both paths (the word curriculum is 
avoided in designating graduate work) 
the methodology of engineering will be 
employed and a greater emphasis will be 
placed on its socio-humanistic content. 
Other professional groups, for instance, 
medicine at one University, are now ad- 
ministering these two graduate programs 
seriatim with the professional sequence 
coming first. 

Graduate programs designed for full- 
time professional employees have been in 
existence for many years (General Elec- 
trice—Union College, Westinghouse—Uni- 
versity of Pittsburgh, for example) and 
are now quite common (6). However, 
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Purdue University has established a uni- 
fied M.S. program which will serve as a 
guide for off-campus programs (other ex- 
amples of off-campus programs are Ohio 


State University, University of Maryland, © 


University of California) as well as for 
a study of the unified curriculum concept 


(7). 
Engineering as a Profession 


More practicing engineers are now 
clearly concerned with the content, signifi- 
cance and responsibility of the profession 
(8) than was true in the past, however; 
see Waddell & Harrington in reference 
(9) for evidence of the activity and con- 
cern in the ’teens. Two events have con- 
tributed to this favorable climate. The 
present shortage of engineers has caused 
the professional engineers * to resurvey 
the position of the profession locally and 
nationally as he presents the facts to 
school counselors and to prospective engi- 
neering students. 

Again the registration procedure in 
many States requires the evaluation of the 
professional experience of the candidate 
and the examination which is set is de- 
signed to evaluate the professional capa- 
bilities of the candidate. These forces re- 
quire concentrated attention to the question 
of the status of the profession. 

Thus the ethical, aesthetic, cultural, 
economic and technical content of engi- 
neering is evolving and the methodology 
implicit in the practice of the profession 
is slowly emerging. 

Increased professional consciousness 
will reflect itself in the curricula. With 
time there will be greater emphasis on 
Engineering in contrast with emphasis on 
a specialty or branch. This changed atti- 
tude is and will be revealed in the philoso- 
phy of engineering instruction. The 
greater appreciation of the unity of 
knowledge (10) will influence both the 
profession and the curricula. For in- 
stance, systems analysis (or systems engi- 
neering or operations analysis) will be- 

*The excellent work of ECPD, EJC, 
ASEE, and Local Engineering Councils is 
noted. 


come an essential portion of the climactie 
segment of the curriculum. Less attention 
will be paid to individual courses, their 
number will be reduced (22, p. 14), but 
more attention will be given to the thor. 
oughness and content of individual courses 
and their articulation with other courses. 
The academic experiences of the student 
will be planned and executed as a part of 
an activity beginning in the 8th (or 9th) 
grades and extending to achievement of 
professional status some fifteen years 
later. This period will include the high 
school years, the four year engineering 
curriculum and industrial experience; be- 
tween the undergraduate curriculum and 
the beginning of the industrial employ- 
ment certain individuals may also include 
graduate work. 


Technical Institutes 


In the organization of an Engineering 
Department in industry, a variety of tal- 
ents and training is needed. The pro- 
fession will in the future vigorously sup- 
port the development of training programs 
for those groups which form a part of the 
organizational structure of the profes 
sional engineer. Other professional 
groups have and are taking leadership in 
assuming responsibility for the training 
of contributing groups. 

If properly organized the leadership of 
the Engineering Department in an indus- 
trial unit should reside in a professional 
engineer. A fraction of the group wil 
be professional engineers, another seg- 
ment will be engineers-in-training. But 
still another segment consists of those 
who have completed a two-year program 
(Technical Institute type) or equivalent 
(1, Vol. II, p. 11 and (11)). Some years 
ago many four-year engineering students 
withdrew during the first two or three 
years of a college curriculum. Was this 
abbreviated experience the optimum de 
sirable for the semi-professional? Is 
there not a better way of training these 
young men? 

Technical Institute type programs have 
been introduced in many sections of the 
country as an answer to the above ques 
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tion, for instance, by Pennsylvania State 
College, Purdue University, in the junior 
colleges of California, in New York State, 
and in private, including proprietary, 
schools. Broadly speaking, the courses of 
these programs should not rest on formal 
physics and chemistry and mathematics 
courses beyond high school. Physical sys- 
tems are described verbally and numeri- 
cally. Numerical methods of analysis are 
used. Students learn about particular 
systems. Physical and chemical principles 
are taught and illustrated in connection 
with the system or apparatus under con- 
sideration. Arithmetic methods are in- 
troduced as needed. Verbal description 
and analysis replace symbolic description 
and analysis, the former augmented 
through pictorial means (drawings and 
sketches). Activities ancillary to engi- 
neering such as time-keeping, scheduling, 
ete., as related to the system or apparatus 
or job, are taught in terms of the system 
under consideration. 

Pre-engineering courses do not suffice 
for this program. Imaginative guidance 
is needed and can be contributed by pro- 
fessional engineers, educators and teach- 
ers. 

A four-year program including the 
equivalent of two years of general educa- 
tion (humanities, economics, accounting, 
language, literature, history) and two 
years of technical institute work as de- 
seribed above and closely integrated will 
fulfill a need for a man with a college 
training who will work with and assist the 
professional engineer. 

Alternatively a four-year program in- 
cduding general education courses and cer- 
tain of the science and applied science 
courses (partially equivalent to but not 
identical with engineering science courses ) 
deserves consideration as a training re- 
gime for others who will work with and 
aid the professional engineer or who in- 
tend to enter engineering curricula for 
further study. 


Flow of Information 


As an educational center the engineer- 
ing college is a component in a flow cir- 
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cuit. Knowledge flows outward through 
the undergraduate student, the graduate 
student, faculty consultation, faculty 
texts, and technical publications. The 
channels consisting of the newspaper, 
house organ, radio and television have not 
been exploited adequately. However, 
within the next generation the profes- 
sional engineer will utilize more effectively 
these media of communication. 

But the return flow path from industry 
and from the field to the engineering 
school has not been established as a con- 
scious effort. Catalogs, advertisements, 
house organs, sectioned and working mod- 
els, often available to the faculty and stu- 
dent, serve as a partial return path only. 

A funetion of industry is to utilize 
knowledge, which process will generate 
further knowledge; in sum, the function 
of utilization results in the generation and 
diffusion and differentiation of knowledge. 
This information must flow back to the 
college where it should be formulated, 
integrated and generalized. Still further 
fragmentation of knowledge by the engi- 
neering college will be considered inde- 
fensible (10, 22, p. 37). Herein lies a 
research task, appealing to the imagina- 
tive instructor, which the engineering 
school will accept in parallel with the 
projects now in being (12). 

A word will be included relative to the 
recording of engineering works. The 
product is the final record of an engineer- 
ing design. Buildings, bridges, television 
sets, gas turbines contemporaneously ex- 
emplify the application of the engineering 
methodology to the satisfaction of the 
needs of man. But the idea upon being 
reduced to practice has also been com- 
mitted to paper through drawings, de- 
signs, specifications, ete. A record of 
these engineering works may reach engi- 
neering publications and textbooks in part 
and very late. The time lag between dis- 
coveries and their general use can and will 
be reduced by increasing the breadth and 
effectiveness of repositories of engineer- 
ing knowledge and the assumption by the 
engineering college of a new role in the 
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return path in the flow circuit of engi- 
neering knowledge. 


Industrial Functions 


Industrial functions (13) of import to’ 


the engineer often cited are design, re- 
search, development, production, con- 
struction, sales, service, maintenance and 
others. But these functions have not yet 
been carefully defined. For instance, what 
are the disciplines of the design function? 
Does a universal design methodology ex- 
ist? The attention of professional engi- 
neers and of teachers will be directed to 
the problem of establishing the meaning 
of the design function and to develop its 
methodology. 

Again the existing experimental data 
will be sifted and further data will be 
gathered in order that the production (14) 
and construction functions (and others) 
may be placed upon an analytical basis. 
Herein lies one of the greatest challenges 
to Engineering Educators. 


The Curriculum 


In this “outlook” little will be said 
about the undergraduate curriculum. 
Some of the elements of a curriculum are 
presented in references (15) (16) (17) 
(18) (19, Appendix VI) (20). Consid- 
erable thought has resulted in a tentative 
formulation of the content of the engi- 
neering curriculum, of engineering meth- 
odology and of the disciplines underlying 
engineering (18 and 24). Place has been 
found in modern curricula for the pres- 
entation of the analytical plus the ex- 
perimental modes of solution and for the 
science as well as for the art of engineer- 
ing. 

A clarion call for the return of certain 
social-humanistie studies to the engineer- 
ing curriculum (24) and their recognition 
as a stem paralleling the technical stem 
has refocussed attention on the trend to- 
ward the specialization (in this case the 
exclusion of non-technical engineering 
courses) which appears to be part and 
parcel of the “natural” evolution of cur- 
ricula in the modern American college. 

The effect of specialization and frag- 
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mentation of knowledge, a resultant of 
scholarship devoted to the rational exten. 
sion of knowledge, upon courses, curric. 
ula, and instructor attitudes has been 
examined within the last two years with 
the conclusion that both general education 
and the discipline of synthesis (building 
or assembling in contrast with analysis) 
suffer in present curricular arrangements 
and teaching methods (21). 

The social-humanistic content of the 
engineering curriculum will find its ex. 
pression as an integral part of the totality 
of student experiences rather than in 
separate compartments or courses. The 
process of integration of Engineering, 
discovering the disciplines of the several 
branches, and establishing those disci- 
plines which are common to Engineering 
will also automatically include the requi- 
site elements of knowledge referred to as 
the social-humanistie (25). One of the 
great unifying forces in engineering edu- 
cation will prove to be a rational inclusive 
treatment of the properties of materials; 
the proper use of materials is the corner- 
stone of engineering practice. On the 
other hand, that segment of the student’: 
education designed to equip him to mee 
the social and intellectual requirements of 
society (above and beyond his profes 
sional competence) will serve as another 
unifying force. 


General Education 


The goals of a total education have 
been listed by Day (26) as (A) to arous 
interests, (B) to develop skills, (C) to 
convey knowledge, (D) to establish the 
import of understanding and appretia- 
tion, (E) to establish attitudes and ideals, 
and (F) to cultivate habits. The portion 
of the total education (consisting of the 
effect of the environment on man and bis 
reaction) which may be considered %# 
general education is defined by Hook (21, 
p. 311) as “the study of certain essential 
areas of knowledge together with the a 
quisition of certain basic skills whid 
should be required of all students. Thes 
requirements should meet the needs of al 
human beings both as participating met 
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bers of the community and as individuals 
who must undergo basic life experiences, 
irrespective of their future vocation.” 

The portion of total education and gen- 
eral education which is now included in 
each 4 year engineering curriculum will 
need to be established explicitly. Total 
and general education goals will be formu- 
lated. The social-humanistic content of 
the curriculum will thus acquire more 
meaning and greater significance. The 
way is being illuminated by several col- 
leges in the United States, such as, for 
example, the Carnegie Institute of Tech- 
nology (15). The Engineers Council for 
Professional Development has progressed 
in this area and will continue its excellent 
work in cooperation with professional 
education groups. 


Teaching 


Methods of instruction and teaching 
techniques (19, 23) are receiving much 
attention, especially through the support 
of the American Society for Engineering 
Education. The introduction of the sum- 
mer school for engineering teachers (1, 
Vol. II) was a great step forward but a 
return to the conception of breadth, rather 
than attention to detail, will characterize 
future activities of this type. The new 
vehicles of communication (recordings, 
films, radio, television) will each be tried 
and tested by engineering teachers during 
the coming years. The application of the 
experimental results obtained through a 
study of the several methods and tech- 
niques will represent a milestone in peda- 
gogy. 

Summary 


In summary, the curriculum will be 
based upon principles of transfer of 
knowledge and of skills, upon the inculea- 
tion of a consciously formulated meth- 
odology, utilizing examples for incentive, 
continuity, and temporal pertinence, rest- 
ing the illustrations upon natural (phys- 
ieal and life) phenomena, but with pri- 
mary emphasis upon the phenomena 
themselves and their analytic formulation. 
Throughout the engineering educational 
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process the complete growth of the student 
will be facilitated with the teacher as 
central (23). He will be encouraged to 
“know himself,” to know others (and so- 
ciety), and to be a living example of the 
interrelationship between the physical and 
human worlds. For the student there can- 
not exist two stems (technical and social- 
humanistic) but rather a synthesis not 
only of the knowledge of the physical 
world but of knowledge itself (22, p. 58). 
In particular he will be given the oppor- 
tunity to express himself orally (added to 
the present emphasis on written expres- 
sion) and to give vent to creativeness— 
in other words, to “be himself.” The stu- 
dent will feel that he is responding to an 
exciting stimulating experience which has 
great human implications and effects. 
The author trusts that this “outlook” 
will contain both bases for action and 
stimuli for discussion. For only from 
free untrammelled unprejudiced rational 
discussion will the truth emerge. Each 
engineering school must find its own solu- 
tion of the engineering student-faculty— 
industry relationship within a generally 
understood and agreed-upon framework. 


Definitions 

1. Engineering as an Art. In the ap- 
plication of ideal systems to the world-in- 
being many force fields are effective which 
are either unknown, cannot be analyzed, 
or, it may well prove, that analysis is too 
expensive. The knowledge of the profes- 
sional engineer, based on scientific train- 
ing but amplified by practical experience, 
fills the gap between the results of analy- 
sis and the behavior of the actual system. 
Often he does not employ mathematics 
beyond arithmetic as a language, his 
modes of expression being the native 
tongue and graphies (drawing), and his 
discipline is formal logic. He senses the 
magnitudes of variables which can neither 
be formulated nor evaluated by the scien- 
tist. Extrapolation from system to system 
with reasonable assurance of acceptable 
results with the details unknown is indeed 
hazardous; the exercise of this procedure 
accounts for the stature of the profes- 
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sional engineer. 


Briefly, he deals with a 


mass of unformulated knowledge. 


2. Training is defined as the acquisition 


of knowledge and skills which are to be 
utilized in the solution of a particular 
problem or to be directed toward a par- 
ticular end. 


3. Edueation will be defined as the ac- 


quisition of knowledge and skills which 
are to be utilized to solve general prob- 
lems or a range of problems such as are 
faced throughout a “full” life. 


bo 
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ton, D. C. Vice-President Boring’s letter 
was read concerning the best-paper com- 
petition for younger members of the So- 
ciety, and the method was described for 
conducting the competition within the 
Section. 

Chairman L. K. Downing then intro- 
dueed H. H. Armsby, the Section’s repre- 
sentative on General Council, who re- 
ported on actions taken by Council at the 
Dartmouth Annual Meeting. Mr. Armsby 
also reported interestingly on the Centen- 
nial of Engineering in Chicago. Follow- 
ing introduction of M. S. Ojalvo, chair- 
man of the Section’s subcommittee of 
ASEE Young Engineering Teachers Com- 


mittee, S. P. Schlesinger, former chairman 
of that subcommittee, stated objectives of 
the committee and reported on its recent 
activities. Recent Development in the In- 
ternational Field was the subject of an 
interesting talk by S. S. Steinberg, chair- 
man of the International Relations Com- 
mittee. 

Chairman Downing stated the theme 
for the Section’s 1952-53 meetings,—Im- 
proved Utilization of Engineering Man- 
power,—and introduced R. L. Goetzen- 
berger who dealt with the following ques- 
tions: “What are employers doing to make 
the most effective use of present short sup- 
ply of engineering manpower? Are the 
engineering schools doing all they should 
to aid?” His talk stimulated a lively dis- 
cussion. 
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Looking Ahead in Engineering Education 


By 8. C. HOLLISTER 


Dean of Engineering, Cornell University 


During the past eighty years we have 
witnessed a change in this country from 
an essentially agrarian nation to one of 
industrial power. It has come about 
chiefly through the introduction and utili- 
zation of technology. This basic change 
has had a profound effect upon the coun- 
try’s international position and upon its 
potentiality for moral and spiritual, as 
well as economic, leadership. 

During the past fifty years the popula- 
tion of the country has doubled. Our pro- 
duction, however, has increased to four 
and three-quarters times what it was at 
the turn of the century. This has come 
about largely because we have been able to 
develop and apply, at the hand of the 
worker, about four and one-half times as 
much energy as was available to him in 
1900. 

Not only has the engineer made possible 
this increase in production; he has had 
profound influence upon transportation 
and communication as well. The world 
has shrunk in size in terms of the move- 
ment of goods and people. Every part of 
the world now may listen to every other 
part so that all may know the doings of 
any people as they occur. 

Some of the earlier steps in our indus- 
trial development could be achieved with 
little more than native ingenuity. How- 
ever, the introduction of engineering edu- 
cation in the country became increasingly 
effective; until now it is a necessity, both 
for the maintenance and the advancement 
of the technological system. 

Since preparation by way of education 
always precedes the accomplishment, it 
follows that the planning of engineering 
education requires an estimation of the 
future and its needs. Today we are lay- 
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ing the groundwork for the accomplish- 
ments of twenty-five years hence. A look 
ahead, therefore, into the world of a quar- 
ter of century from now should furnish 
us some guiding principles upon which the 
future trends of engineering education 
should rest. 

It is the engineer’s lot to be called into 
situations in which there are serious prob- 
lems. There are many serious problems 
confronting this country; solutions of 
which will have to be found in the rela- 
tively near future. Such problems tax the 
ingenuity and capacity of our profession. 

A whole group of problems arises from 
economic sources. America has always 
plunged into full use of its natural re- 
sources with very little thought of what 
might occur after the sources have been 
exhausted. We have been depleting them 
at a terrific rate. We have said to our- 
selves that when these resources are gone 
others will surely be found to take their 
place. How these were to be found was 
left largely to yankee ingenuity and tech- 
nical know-how. In many spots the time 
has now come when we must get busy de- 
veloping the know-how to meet some of 
these basic problems. 

From one source we learn that for every 
barrel of petroleum taken out of the 
ground two more barrels of petroleum 
have been found that were not known 
about before. From this it has been con- 
cluded that we have an inexhaustible sup- 
ply of petroleum. All we have to do is to 
develop new means of detecting the petro- 
leum that is not at present known about, 
and new means of producing and refining 
petroleum that is known about but is in 
such form that at least a considerable por- 
tion cannot readily be extracted by known 
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means at a reasonable economic cost. 
While some say we have an inexhaustible 
supply of petroleum we have, during the 
past decade, changed from an exporting 
to an importing country so far as this 
particular material is concerned. During 
that decade we have also turned the same 
corner with lumber, and the decade prior 
to the last, we turned the corner with zine 
and copper. We are about to become a 
large importer of high-grade iron ore. 
Of course, tin, nickel, natural rubber, chro- 
nium, and most of our manganese have 
had to come from the outside, along with 
some of the lesser quantities of economi- 
cally strategic materials. 

It is expected that our population in the 
next twenty-five years will increase by 
twenty per cent. This will affect what is 
needed to maintain the basic economy at 
a reasonable level. We will in addition 
have continuing commitments abroad 
which must also be cared for, where in 
many places rising populations menace 
the economic balance. 

In agriculture it is expected that the 
yield per acre by 1975 will have had to be 
increased over forty per cent. Some of 
this of course will have to come about by 
further engineering developments and 
some by new conceptions, new discoveries 
and new controls in plant science. The 
result in production, however, is that the 
number of people fed per farm worker 
must be increased in twenty-five years by 
forty per cent. 

It is no news to people in many parts of 
the country that one of |the critical mate- 
tials now in short supply is water—water 
for irrigation, water for industrial uses, 
water for drinking purposes, water for 
navigation. Although the country has an 
enormous supply of water, it frequently is 
in the wrong place or occurs in the wrong 
season. Immense problems lie ahead in 


meeting the water situation so that there 
may be redistribution, reclaiming of used 
water, and conversion of sea water into 
potable supply. Unless any of this can be 
done at an economical cost, it is of course 
of no avail. 

Another problem that faces the country 
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is the development of a sound policy and 
practice respecting our timber resources. 
This has been a subject of active discus- 
sion for at least fifty years, but the prob- 
lem is still with us and the engineer faces 
the need of further development for eco- 
nomical use of wood products, or an ade- 
quate substitute for a fair amount of the 
present supply. 

We appear to have a very large supply 
of coal. One of the problems of this sup- 
ply, however, is not whether there is ample 
quantity of coal of good quality, but how 
it may be wrested from its present natural 
site and supplied at the point where it can 
be used effectively. Possible conversion 
in the natural site to another form, such as 
gas, which may be removed and trans- 
ported more easily than the original solid 
coal, is one possibility that has been 
worked upon to some extent. The amount 
of coal needed twenty-five years from now 
may conceivably be one hundred per cent 
in excess of the present production. It 
must be recalled that one means of cover- 
ing the shortage of petroleum is by the 
synthetic manufacture of petroleum prod- 
ucts from coal. It must also be recalled 
that petroleum is a raw product for the 
development of many chemicals; a use 
which is rapidly accelerating. This use is 
an addition to that of petroleum as fuel, 
and may eventually form a major portion 
of the demand upon coal, if the raw source 
is transferred to that material. 

Another natural resource which is being 
consumed at a terrific rate is natural gas. 
The use of this fuel has increased three- 
fold in the last fifteen years. Like petro- 
leum, this form of fuel is being used ex- 
tensively for fuel in its crude form. The 
day may not be far distant when the need 
of special products made from distillation 
will become critical. At such time we may 
regret the inefficient use of the material in 
its crude form, and its depletion to the 
point where the supply is below the re- 
quired need in more effective form. 

To a constantly increasing degree we 
are utilizing electrical energy in order to 
multiply the effectiveness of a man-hour 
of work. Most of our electrical energy is 
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available to us through the development 
of thermal power. Although some hydro- 
electric power may still be developed in 
the future, it will not form even one-quar- 
ter of the total source of electrical energy 
that will be needed in another twenty-five 
years. This is another way of saying that 
the major power expansion of the future 
will be through the development of further 
thermal power with its consequent demand 
upon coal, natural gas, and petroleum. 

Whether in the field of materials or in 
the field of fuels, the ultimate goal is con- 
stantly to work toward the harnessing or 
utilization of supplies or materials or 
energy that are well nigh inexhaustible. 
For example, many products that are now 
waste might conceivably be converted into 
useful substances. Solar energy which is 
in some parts of the country in abundance 
around the calendar might some day be 
the source of energy that now depends 
upon the consumption of some of our 
priceless natural resources. The constant 
struggle towards this ultimate goal is a 
struggle which will set more and more 
men free throughout the world. The more 
general the occurrence of the base of our 
source of materials or power the more free 
will mankind become. 

Thus far I have discussed largely the 
consequences of the need of our expand- 
ing economy because of the expansion in 
our population. There are other factors 
which place great burdens upon the engi- 
neering profession. Consider for a mo- 
ment a continuing interational situation 
which maintains a high tax burden upon 
the citizens of the country. The tax 
burden, it is generally agreed, is about as 
high as it ean well be short of all-out war. 
Put in another way, it means that each 
man has just about reached the saturation 
point of his buying power, because of the 
tax burden. If wages and prices go up 
together this of course does not increase 
the buying power, except during the tran- 
sition stage. We cannot afford always to 
be in that transition stage. The problem 
therefore is what we can do to give people 
greater services for the same amount of 
money. 
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There are a great many things that need 
redesign in the interest of saving money, 
As an example, it is extremely difficult 
today for a young man, regardless of the 


- field in which he is working, to acquire a 


home and a young family at the same 
time. The cost of present-day construe- 
tion is forcing more and more people to 
undertake building their homes with their 
own hands. This is one form of answer to 
labor organizations that undertake to put 
artificial barriers in the way of necessities 
by actually demanding pay for no work. 
The economy in the past has supported a 
certain amount of boondoggling, but there 
is a limit to what people will stand after 
which checks and balances are developed 
by the consumer. 

But housing is only one form of com- 
modity, the cost of which is too high. 
Other appliances must be redesigned in 
order to be considerably simplified and re- 
duced in cost. This would give an op- 
portunity for the purchase of some other 
appliance that now cannot be afforded. 
For example, our automobiles are too 
highly priced. We badly need a cheap 
car, one that’ will furnish transportation 
with comfort but not luxury. We need 
cheaper radios, television sets, refrigera- 
tors, air-conditioners, washing machines 
and the like. In time they may come, but 
we need these things now. 

The American people have learned to do 
many things the expensive way. We are 
going to have to learn to keep things sim- 
pler and still perform the essential fune- 
tions. This calls for the highest form of 
skill in design of which the engineer may 
be capable. It is our present tendency to 
add gadgets on top of gadgets to the point 
where sheer accumulation is burdensome. 
We need to learn how to live more simply, 
and as engineers we need to learn how to 
design more simply, so that we may have 
more. 

In no part of our present economy is it 
more essential that simplification be prac- 
ticed than in the conduct of war. Ina 


continuing emergeney we have no place 
for the old theories of war which held that 
costs of materiel were no object so long as 


we won 
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we won the war. What we must now do 
is to conserve our resources and still be in 
the position to win a war. In fact, unless 
we do conserve our resources we may not 
win out, either in war or in peace. 

There is still another area in which the 
state of our economy suggests much work 
for the engineer. With continually in- 
creasing mechanization we create more 
wealth with fewer actual man-hours of 
labor. Obviously this would bring about 
memployment if it were not for the fact 
that new products may be made with the 
labor saved in the first operation. The re- 
sult, heretofore, has been a continually 
expanding industrial organization. 

Whether this can go on ad infinitum has 
not yet been ascertained in the world. 
Whether the system can be applied to 
countries which have a greater popula- 
tim per unit of area than we have has 
likewise not been determined. The engi- 
neer is being called upon to work out these 
theories, both at home and abroad, espe- 
cally in countries with less fortunate liv- 
ing conditions than our own. 

Without considering the pressures upon 
our economy developed through the need 
of support from us to other nations, or 
the need of continued military prepared- 
ness, it is already clear that the engineer- 
ing problems that are piling up ahéad of 
the profession are accumulating at a rate 
far greater than the rate of inerease of 
population. In fact, the problems are ap- 
pearing at a constantly increasing rate, 
and there is no end in sight. 

I have reported in other places that we 
have now reached the point in the develop- 
ment of engineers where we may expect 
no percentage increase of engineers in 
terms of the total population. We thus 
find ourselves leveling off in terms of num- 
bers of engineers as per cent of popula- 
tion, whereas the really tough problems ac- 
cumulating before the profession are pil- 
ing up at a rate far greater than the rate 
of population growth. This is another 
way of illustrating the point that engi- 
neering services to the community at large 
are increasing per engineer available for 
such service. 
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What effect has all of this upon engi- 
neering education? We may ask our- 
selves what it is we are now putting into 
the hands and heads of our students that 
will really be effective in dealing with the 
kind of problems that we have laid out 
before us. How have we strengthened 
the scientific and technical preparation 
which we are now asking our students to 
master? 

It is very clear that we cannot delineate 
sharply the various techniques that will 
be in use twenty-five years or fifty years 
from now; but it is certain that the prin- 
ciples on which these technical develop- 
ments will be based are principles which 
are now available in the basic sciences. Our 
problem, then, is to strengthen the basic 
science content of our curricula. The im- 
portance of this conclusion is emphasized 
when it is recalled that the problems now 
before us are tougher to solve than the 
problems that have been before us hereto- 
fore, and require a more fundamental 
approach. 

Another approach to the total problem 
of engineering manpower is the realiza- 
tion that with the requirement of increased 
effectiveness of each engineer there must 
be a readjustment in order to reinforce the 
work of each engineer. This calls for a 
supply of capable engineering aides. The 
training of these technical aides in itself 
should be advanced beyond what has been 
in use in the past. This suggests the pos- 
sibility of modifying our educational sys- 
tem to provide for the development of the 
professional engineer at a higher level 
than heretofore, together with the develop- 
ment of technical aides also at a higher 
level of training than is at present cus- 
tomary. It may well be that the pattern 
of professional schools in the future will 
involve a more extended program than we 
now have, supported by four-year pro- 
grams which will be calculated to develop 
the sub-professional personnel. It is con- 
ceivable that all of these programs would 
be collegiate degree-granting programs but 
of different duration and resulting in dif- 
ferent degrees. I am not at the moment 
dealing with graduate study as such, but 
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I am dealing with education of the great 
majority of engineers who will go out into 
practice in the profession. 

It is obvious that we are looking toward 


a period in which the function of the engi- ° 


neer is going to be increasingly important 
in the area of economic and political af- 
fairs, as well as in technical progress. In 
the planning of our education of engi- 
neers we are not permitted to reduce the 
little time that is now being spent in 
broadening the professional engineer’s 
background of knowledge. On the con- 
trary, it is essential that we extend this 
time to provide a richer education than we 
can at present give him. 

In all of the foregoing we see the great 
need for expanding our creative activities. 
Recently I read an article in which one 
of our leading industrialists argued that 
our natural resources were inexhaustible. 
He cited cases in which there was a pres- 
ent knowledge of large deposits and the 
hope that many more deposits could be 
added to these if we could improve our 
methods of exploration, discovery, extrac- 
tion and processing. If we could do all 
these things then our natural resources 
would be inexhaustible. Apparently he 
did not readily recognize that the inex- 


haustibility that he was depending upon 
was largely the inexhaustible ingenuity of 
engineers. 

It is this inexhaustibility of engineering 
resource that concerns us in engineering 
education. We as educators must address 
ourselves more assiduously to the task of 
developing in our students their imagina- 
tive, creative ability to a higher level than 
we have achieved in the past. In fact, 
much of our teaching methods have not 
been aimed at this objective. 

I do not want to be interpreted as be- 
lieving that imagination can be put, by 
teaching processes, into the head of some- 
one who has no imaginative power. I do 
firmly believe, however, that imaginative, 
creative ability may be enhanced by teach- 
ing methods. I am sure also that in the 
world today and in the engineering pro- 
fession creative talent is the greatest 
needed and the most highly prized. 

Whether the engineering educators ac- 
complish the goal of service to our profes- 
sion in the form here suggested is not in- 
portant. What is important, however, is 
that we address ourselves vigorously to 
the task of appraisal of the situation, and 
then of arriving at an adequate, equitable 
and effective program. 


Sections and Branches 


The fourteenth annual meeting of the 
North Midwest Section of ASEE was 
held October 3 and 4 at Iowa State College. 
The main event of the meeting was the 
Annual Dinner which was high-lighted by 
an address by Leonard J. Fletcher, Vice- 
President and Director of Community Re- 
lations, Caterpillar Tractor Company. He 
spoke on “The Answer Not Found in 
Books.” The meeting was closed with a 
luncheon where the annual business meet- 
ing was held and L. O. Stewart, former 
Council Representative, reported to the 
section on “Society Affairs.” 


For the technical sessions two general 
and six departmental meetings were held. 
The topics for the general sessions were: 
“An Experiment in Education-Televi- 
sion”; and “Humanities for Engineering 
Students.” 

The next meeting of the Section is to 
be at Milwaukee, Wisconsin on October 
9 and 10, 1953, with Marquette University 
as the host institution. Elected to serve a 
officers for the next year are: Chairman: 
A. B. Drought; Vice-Chairman: Chester 
Pratt; R. J. Panlener: Secretary-Treas 
urer; Council Representative: K. F. 
Wendt. 
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Since engineering is changing from an art to a science, it is 
natural that more engineers are called upon to assume the role of 
the scientist and to advance the frontiers of knowledge as well.as to 
use that knowledge for the benefit of mankind. If this is true, 
then he should be educated as a scientist. 

The following three papers were presented at the ECRC 
(ASEE) Centennial Conference under the Chairmanship of Eric 
Walker, Vice President of ASEE and Dean of Engineering, Penn- 
sylvania State College, September 5, 1952. Dr. Furnas, in the 
first paper, extends the thesis that many of our engineers are indeed 
scientists and Dr. Ihrig shows how education in industry should 
be bent to this aim. Dr. Brown advances new ideas concerning the 


role of education in our colleges. 


The Engineer-Scientist of Today by C. C. Furnas 
The Modern Engineer Should be Educated as a Scientist 
_In Industry: by Harry K. Ihrig 
In College: by Gordon Brown 


263 


= 
> 


The Engineer-Scientist of Today* 


By C. C 


. FURNAS 


Director, Cornell Aeronautical Laboratory, Buffalo, N. Y. 


From testimony in various quarters 
and from observation, it would appear 
that the ideal engineer should be a hand- 
some and well-groomed biological speci- 
men, with costume and coiffure readily 
changeable at will, and on short notice, 
to fit the traditional appearance and char- 
acteristics of: a research scientist, a plant 
operator, a professional designer, a tech- 
nical detective, a salesman, a plumber, a 
leader of field parties, a leader in public 
affairs, a sociologist, and a business man. 
It’s quite an order. 

In the simpler days when things could 
be readily categorized, the relations be- 
tween character of knowledge required 
and activities pursued might have been 
summarized in some such fashion as: 


The Skilled Craftsman specialized in 
“know how.” 

The Engineer dealt primarily in “know 
what.” 

The Scientist lived in the domain of “know 
why.” 


Now it seems that the engineer is ex- 
pected not only to know “how,” “what,” 
and “why.” For reasons of sociology and 
salesmanship, he is also expected to “know 
who.” Truly he is to be all things to all 
people and the educational system is sub- 
ject to criticism because it doesn’t con- 
tinuously turn out the desired, universally 
adaptable, marvelous product. 

Even if someone did exist who knew all 
the answers to the problems generated by 
this multi-headed demand, he could 
hardly cover the field adequately in any 

* Talk delivered at meeting of the Engi- 


neering College Research Council, Chicago, 
September 5, 1952. 


finite period of time. Fortunately, hov- 
ever, the director of this symposium has 
simplified matters by ruling that the dis. 
cussion shall be limited to the general 
theme: The Modern Engineer is a S¢i- 
entist. This markedly narrows the field 
and promotes simplification, but even this 
restricted subject is tremenduously com- 
plex and probably no one (certainly not 
this speaker) knows any of the exact 
answers to the problems. But I shall 
attempt to make a few observations, for 
whatever they may be worth, within the 
frame of reference of the engineer as a 
scientist. Be it known, however, that I 
am not one who believes that all engi- 
neers should be in the “scientist” cate- 
gory, any more than that all physicians 
should be research experts. In all the 
professions there is a real necessity fora 
large proportion to be the more prosaie 
practitioners, and education and training 
is short-sighted which neglects this need. 

Before proceeding with the discussion 
of the specific problem in hand, a brief 
survey of the make-up of the engineering 
profession is in order. At the present 
time there are about 400,000 engineer 
in the country with employment distribu- 
tion roughly as follows: universities 9%; 
government 24%; industry 67% (refer 
ence—Bureau of Labor Statistics Bulle 
tin No. 968, May 1949). Depending 
substantially on definition, somewhere be 
tween three-fourths and seven-eighths of 
all those who have received engineering 
education remain within the confines of 
the profession, if you include adminis 
trative and executive posts which at 
closely linked to technical organization 
(With a more strict definition of eng 
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ENGINEER-SCIENTIST OF TODAY’’ 


neers, others have estimated that approxi- 
mately 50% stay within the profession.) 
At the present time roughly 15% of all 
engineers are engaged in research and 
development (reference—Furnas, Jour. 
Am. Soc. Eng. Ed., Sept. 1952 p. 24) and 
this category embraces the bulk of those 
who fall in the “scientist” type of activity. 

In addition to the engineers who at 
any one time have the strong scientist 
tinge, there will probably be a number 
who are on their way up from the ranks. 
So, as a liberal estimate, some 25% of 
the individuals in the engineering profes- 
sion are, or will be, those for which ex- 
tensive, effective and profound scientific 
knowledge and understanding is a neces- 
sity. A most important and necessary 
2% it is, but in considering education 
and training let us not fall into the 
dangerous error of producing all Chiefs 
and no Indians. ; 

Focussing attention on the select 25% 
(those in research, development, and new, 
constructive design) we find that there 
are some real problems in keeping up 
with the game, and probably some serious 
defects in the educational system. The 
situation was probably best summarized 
yesterday by Dr. W. F. G. Swann, at 
another symposium of this Centennial, 
when he said “The time is coming when 
the engineer will find that the sharpening 
of his old tools is not sufficient for the 
task.” It is a sage and worthy observa- 
tion. The situation will bear careful 
analysis. 


Trends in Engineering 


At the risk of appearing to be in my 
dotage and perhaps of being guilty of 
erroneous conclusions, I would like to 
list some observations on the trend of 
affairs in the engineering activities as- 
sociated with research, development and 
design over the past 25 years. These 
come from the vantage point of practice, 
teaching, and administration of research 
and development, and from exposure to 
two distinctly different fields: (a) chemi- 
cal engineering, and (b) aeronautics: 
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(1) Practical engineering problems 
have steadily become larger, more com- 
plex and more sophisticated. 

(2) There has been a progressive trend 
away from straight empiricism and to- 
ward designing exactly and with confi- 
dence. In the chemical industry, pilot 
plants are sometimes omitted and in the 
mechanical and electrical fields much of 
the inventing is done on the drawing 
board. 

(3) The use of theoretical considera- 
tions has increased a great deal in ap- 
proaching new problems. This has been 
especially marked since the rise of the 
computer art which makes it possible to 
arrive at solutions of a multitude of syn- 
thetic problems, quickly. Computers are 
also rapidly becoming a basic research 
tool for fundamental scientists. 

(4) Despite the decay of empiricism, 
laboratories have greatly increased in 
number, size and scope. In the applied 
research and engineering fields they are 
largely used to: (a) get quantitative in- 
formation for design purposes and (b) 
proof-test prototypes or components, and 
(c) work out final design improvements. 

(5) The “team” approach to most en- 
gineering problems predominates, which 
tends to throw the very best engineers 
onto one side or the other of adminis- 
trative problems, despite all efforts to 
avoid them. 


Characteristics of Successful Engineers 


Matched against the above list of chang- 
ing characteristics of the task, I would 
like to record some observations of the 
characteristics of individuals who have 
proven successful in the fields and activi- 
ties with which I have been in contact. 
Perhaps my sample is not sufficiently 
large to serve as a basis for generaliza- 
tions, but it does involve close acquaint- 
ance with at least several hundred indi- 
viduals. As I have observed them, the 
principal characteristics of the successful 
ei.gineers, a la scientists, are: 


(1) They have high IQ’s. 
(2) They apparently have had good 
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undergraduate scientific training, but no 
particular colleges or universities seem to 
dominate as alma maters. 


(3) They appear to have true scien- . 


tifie understanding. They really grasp the 
implications of F = ma. 

(4) They may come from any part of 
of the country. They can come from any 
part of the world, but usually the Euro- 
pean-trained scientist or engineer is less 
adaptable than the American-trained one. 
This is independent of any language bar- 
riers. 

(5) They have drive, imagination and 
tenacity and at least reasonable judg- 
ment. They are not always, however, 
eager beavers or highly energetic people. 
Some are very leisurely and a few even 
appear, superficially, to be lazy. 

(6) In the applied research and de- 
velopment activities those with engineer- 
ing schooling appear to be in the ma- 
jority but there are many with training 
as physicists, chemists, and mathemati- 
cians. This seems to come about as a 
result of the team approach to problems. 

(7) Though there is a larger propor- 
tion of graduate degrees than in the rou- 
tine phases of engineering, graduate de- 
grees appear to be no requisite for 
success. A Ph.D. degree seems to help 
but it is no guarantee of success and no 
safeguard against sterility. 

(8) More often than not they are poor 
salesmen and somewhat less than social 
successes. Whether they succeed in spite 
of or because of this, I am not prepared 
to guess. 

(9) The most outstanding and most im- 
portant characteristic in common is that 
they are always acquiring or developing 
new mental tools, by self study, impro- 
vising new tricks of scientific approach, 
exchanges of ideas with colleagues, or by 
formal course work. 

As an appendix to these observations, 
it should be noted that many engineers 
and scientists get into and prove very 
effective in administrative and executive 
positions without having had any out- 
standing accomplishments as scientists or 
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engineers. The brain trust boys—par- 
ticularly the asocial ones—frequently 
bridle and grumble at this, but it goes 
on happening just the same. 

What do the members of the polyglot 
collection of scientific engineers do which 
distinguishes them from the garden va- 
riety of engineers on the one hand and 
from the true scientists on the other? 
The principal and unique characteristics 
of their activities would appear to be two: 


(1) They deal with items that are nev, 
as distinct from minor modifications of 
already existing devices, processes or sys- 
tems. This removes them from the rou- 
tine engineering categories. 

(2) Their objective is not to acquire 
knowledge for knowledge’s sake (how- 
ever interesting and intriguing that may 
be) but to produce some thing new, use- 
ful and usable. This sets their activity 
outside the pale of “pure” science tradi- 
tion. Scientific knowledge is the most 
essential tool of their operation, but not 
the end object. 


Examples 


Examples of the work of the sophisti- 
cated school of engineering are easy to 
find. They involve the work of many 
people of many interests and background, 
but they all call for the skilled mind of 
the engineer (whatever may have been 
his academic background) who knows and 
uses new scientific tools within the frame 
of reference of engineering application. 
Some of the examples to be cited repre- 
sent past or very recent successes. Others 
are items that are still “in work” and 
practical success is not yet assured. A 
few samples: 


(1) Chemical Syntheses 
(a) The development and use of 
nylon—probably the top ¢ 
ample of a truly new, entirely 
synthetic, specific material for 
mass use 
(b) The large series of aromatit 
compounds from the straight 


(9) Con 
(a) 


(b) 


(2) Pl 
(a 
(b 
, (3) El 
(a 
(4) Co 
b 
b 
(a) 
(c) 
e) 
| (7) Cor 
(a) 
| (b 
(e) 
(d) 
(8) Met 
(a) 
(b) 
3 


‘S—par- 
quently 
it goes 


polyglot 
0 which 
den va- 
and and 
other? 
teristics 
be two: 


are new, 
tions of 
OF sys- 
the rou- 


acquire 
e (how- 
hat may 
\eW, 
activity 
ce tradi- 
he most 
but not 


sophisti- 
easy to 
of many 
kground, 
mind of 
ave been 
nows and 
he frame 
plication. 
ed repre- 
;. Others 
ork” and 
ured. A 


1 use of 
top 
entirely 
terial for 


aromati¢ 
straight 


‘*THE ENGINEER-SCIENTIST OF TODAY’’ 


chain, or aliphatic, materials of 
petroleum recently announced 
by the Carbide and Carbon 
Chemical Corporation 
(2) Pharmaceuticals 
(a) The mass production of peni- 
cillin and other mold-generated 
specifies 
(b) The semi-synthesis and produc- 
tion of cortisone 
(3) Electronie Devices 
(a) Modern television 
(b) Radar 
(c) The proximity fuse 
(4) Communications Systems 
(a) The coaxial cable 
(b) Ultra high-frequency radio 
(5) Nucleonies 
(a) The atomic bomb 
(b) Production of tracer materials 
(6) Power Devices 
(a) Atomic stationary power plants 
(b) Atomic propulsion of ships and 
aircraft 
(ec) Jet propulsion and other ap- 
plications of the gas turbine 
(d) Ram jet engines 
(e) Liquid rocket motors 
(7) Control Systems 
(a) Automatie navigation and auto- 
pilot systems for aircraft 
(b) Guidance systems for guided 
missiles 
(ec) Industrial power control sys- 
tems 
(d) Automatie control systems for 
complicated chemical syntheses 
(8) Metallurgy 
(a) The production and use of ti- 
tanium and its alloys 
(b) The production and use of cera- 
mels (combinations of ceramics 
and metals for high tempera- 
ture work) 
(9) Computers 
(a) As used in gunfire and guided 
missile control systems 
(b) As used in flight simulators to 
work out aireraft flight prob- 
lems and for training 
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(10) Aeronauties 
(a) Development of successful heli- 
copters 
(b) Development of supersonie air- 
planes and guided missiles 


Anyone can quarrel with the incom- 
pleteness of the above list, but it is only 
intended to be a small sample. He can 
also quarrel with the classifications or 
groupings, but one of the characteristics 
of modern developments is that they re- 
fuse to be simple, or confine themselves 
to single, rigid categories. The primary 
characteristic of the above items is that, 
in no ease, were (or are) the answers 
to the key problems to be found in then- 
existing hand books. Seldom were the 
complete answers to be found in even 
the latest literature of pure science. The 
marshalling and integration of all avail- 
able knowledge was required and fre- 
quently the discovery of substantial blocks 
of new basic information was necessary. 
It is the engineer (whether his academic 
handle says he is one or not) who pushes 
these items through to successful con- 
elusion. It is fairly evident he cannot 
escape being a good scientist, too. 


Teamwork Necessary 


The second major characteristic of all 
items in the list is that success of the 
project was dependent on the work and 
talents of many individuals. In no ease 
in the list could the scientific and engi- 
neering man-power requirement for a par- 
ticular project be numbered in less than 
hundreds. In most eases, thousands were 
necessary ; hence, the inevitability of large 
teams, with their attendant administration 
problems, in modern engineering proj- 
ects. So despite my best efforts to con- 
fine my observation to that type of engi- 
neer who must be a scientific individual, 
I find myself coming full cirele and saying 
that this rare and valuable individual 
must still be imbedded in a complex socio- 
logical matrix. 

We now come to the crux of the dis- 
cussion—the question: So What? Though 
I will admit that it is highly unsports- 
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manshiplike, I’m going to renege on at- 
tempting to answer that, for the two 
speakers who follow have that pleasant 


task, as representatives of education and ~ 


of industry. Before turning the matter 
over to them I would, however, like to 
point out two almost self-evident facts: 


(1) The education of the engineer, a 
la scientist, must continue through- 
out his entire professional life. 

(2) Both educational institutions and 
industry have, not only an interest, 
but a duty to perform, in this pat- 
tern of never-ending education. 


College Notes 


J. H. Potter of the University of Il- 
linois and T. Stephen Crawford of the 
University of Rhode Island have been 
granted leaves of absence to participate 
in the E. I. du Pont de Nemours and Com- 
pany program “A-Year-in-Industry” for 
engineering educators. 


Joseph V. Foa, head of the Propulsion 
Branch of the Cornell Aeronautical Lab- 
oratory at Buffalo, has joined the faculty 
of Rensselaer Polytechnic Institute. He 
has been appointed a professor in the De- 
partment of Aeronautical Engineering and 
will do research and teaching in the theory 
and application of jet propulsion and 
combustion. 


W. R. Van Voorhis of Fenn College 
has been appointed Visiting Professor of 
Engineering Administration at Case In- 
stitute of Technology; he is also a mem- 
ber of the Case Operations Research 
Group. 


Two major grants amounting to $1,000,- 
000 by The Ford Foundation to the Mas- 
sachusetts Institute of Technology for 
the support of research in the newly estab- 
lished Center for International Studies 
have been announced by President James 
R. Killian, Jr. 


Construction started on Nov. 17 on a 
new engineering building at the Univer- 
sity of Wichita. The building, which 
will house offices, classrooms and drafting 


rooms for the school’s five engineering de- 
partments, will be completed in time for 
use in the fall of 1953, according to pres- 
ent plans. 


John M. Russ was appointed Head of 
the Department of Engineering Drawing 
at the State University of Iowa, replacing 
F. G. Higbee, who has retired. Higbee 
will continue to serve the University ona 
part-time basis. M. L. Betterley was ap- 
pointed Associate Professor in the same 
department. 


By action of the Board of Trustees, H. 
Russell Beatty has been named Acting 
Dean of Pratt Institute’s School of Engi- 
neering, replacing Nelson S. Hibshman, 
who is resigning to accept the position of 
Assistant Secretary of the American In- 
stitute of Electrical Engineers. 


The nations’s first graduate School of 
Industrial Administration at Carnegie 
Institute of Technology was dedicated 
recently. The featured speaker at the 
formal dedication ceremonies was Sidney 
A. Swensrud of the Gulf Oil Corporation. 
Carnegie’s graduate School of Industrial 
Administration, founded in 1949 by a six- 
million dollar gift from the W. L. and 
May T. Melon Foundation, aims to pro- 
vide young men with potential for leader- 
ship, fundamental training in manage 
ment and engineering, and in responsibil- 
ity for citizenship. 
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The Modern Engineer Should be Educated as a 


Scientist. 


I. In Industry 


By HARRY K. IHRIG 


Vice President in Charge of Research, Allis-Chalmers Manufacturing Company 


Introduction 


In the last forty years industry has 
changed more perhaps than in the pre- 
vious hundred years, yet it has been re- 
ported+ that in most engineering colleges 
the curricula in at least civil, mechanical, 
mining and electrical power engineering 
have not changed materially in that time. 
Since engineers are trained primarily for 
industry, it would seem that with the 
revolutionary changes going on which 
make industrial processes more scientific 
and more highly technical, the engineer- 
ing courses should have been changed to 
adapt them to industry’s needs. 

The census figures show that in 1900 
one graduate engineer was hired for each 
250 workmen in industry. In 1950 one 
graduate engineer was employed for each 
52 workmen and industry was asking for 
many more. 

Taggart in a recent article? has said 
“Engineering education today is like a 
crazy quilt of somber wools and gaudy 
shoddy, chain-stitched on an academic 
assembly line, and sold at ever mounting 
prices to inexperienced youths for life- 
time use. Each engineering school offers 
a half-dozen or so patterns with essen- 
tially the same skimpy wool content. 
Sales appeal is in the color of the shoddy, 


1Thorndike Savilk, ‘‘ Engineering Educa- 
tion in a Changing World,’’ Journal of the 
American Society of Engineering Education, 
Vol. 41, p. 4, 1950-51. 

* Arthur F, Taggert, ‘‘Education for En- 
gineering,’? Mining Engineering, Vol. 4, 
No. 8, p. 770-774, August 1952. 


269 


denoted by the hopeful adjectives chemi- 
cal, civil and the like. This article is 
argument for an all-wool product made 
by slow, careful handwork. Bluntly it 
proposes a thorough four-year under- 
graduate drill in fundamental science and 
general engineering empirics, leavened by 
continuing study of the third of the en- 
gineer’s troubles: Man.” 

This discussion is limited to the techni- 
cal portions of the engineer’s training. 


Preindustrial Training 


Since industry has become so complex 
and because it is continually changing, it 
is imperative that the engineer be trained 
in the fundamentals of science rather 
than the specific “practical” courses of 
any one industry. In fact, industry today 
with its indoctrination courses will train 
engineers with the most modern equip- 
ment and pay them well while so doing. 
Isn’t this preferable to the student to tak- 
ing up time in the engineering school try- 
ing to learn such subjects on equipment 
that is often obsolete. 

None of the thousands of engineers on 
atomic energy projects could possibly have 
had specific courses in this particular 
field. Yet many physicists, chemists and 
engineers were able to adapt their funda- 
mental training to this entirely new field. 
The only way an engineer can adapt 
himself to the new things developed after 
he has finished his formal training is to 
have his training embrace enough funda- 
mental science so that he is able to make 
new applications of that science when- 
ever necessary. 
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Augustine B. Kelley in a recent article * 
shows that the engineer is essential in the 
highly mechanized coal industry in the 
United States. Because of its mechaniza- 
tion our coal industry produces about 
four times as much coal per man as the 
next best producer. Also in the utiliza- 
tion of coal in such applications as the 
coal burning gas turbine highly scientific 
engineers are necessary. 

In the oil industry science is used from 
geophysical prospecting to the synthesis 
and rearrangement of hydrocarbons to 
obtain the maximum antiknock properties 
in gasolines. The recent development of 
petrochemicals has opened up a whole 
new field for the application of physics 
and chemistry in the engineering of these 
products. 

Allis-Chalmers Manufacturing Com- 
pany makes about 1600 different items 
from tractors to hydraulic turbines. No 
possible engineering course could cover 
the specific manufacture of half of these. 
Yet all of them are based fundamentally 
on physics and chemistry with mathe- 
maties as the shorthand for expressing 
chemical and physical facts. 


Engineering Training in Industry 


Industry has not assumed that the 
universities have trained engineers in its 
specialized procedures. But it would like 
to be able to assume that the engineer 
has had a broad fundamental training so 
that he can adapt himself to industry’s 
special needs. To this end industry has 
set up various training methods. The 
larger companies have formal courses, 
and the smaller ones depend more on 
personal instruction by older engineers. 

A well known example of training sup- 
ported by industry is the Institute of 
Paper Chemistry at Appleton, Wisconsin. 
In addition to paper technology, science 
courses are given and graduate degrees 
are conferred. The graduates of this 


3 Augustine B. Kelley ‘‘The Engineer— 
Key to Coal Progress,’’ American Engineer, 
p. 7-10, August 1952. 
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course have made very good records in 
the paper industry. 

The Humble Oil and Refining Company 
has courses of graduate level given by 
outstanding engineers and scientists from 
universities, who are invited to participate 
in this program by giving lectures and 
seminars in their various specialties. 

Courses in reactor technology are given 
engineers from industry at Oak Ridge. 
This training gives them the proper back- 
ground for the design of equipment to 
be built by industry for the Atomic En- 
ergy Commission, and for the eventual 
use of atomic energy by private industry. 

In many cities, universities give evening 
courses for engineers in industrial plants. 
For example in Milwaukee, the Univer- 
sity of Wisconsin gives graduate courses 
in Mechanical, Chemical Metallurgical, 
and Electrical Engineering. Research 
work for the master’s thesis is done in 
the plants where the engineers are em- 
ployed. During the last acadmic year 
170 graduate students were enrolled. The 
enrollment for graduate work leading to 
the master’s degree has steadily increased. 

The courses are taught by regular fae- 
ulty men from the College of Engineering 
at Madison. The student registers in and 
receives his degree from the Graduate 
School of the University of Wisconsin 
exactly the same as if he were in residence 
there. This enables an engineer to work 
full time and obtain a master’s degree 
in two or three years by taking his gradu- 
ate courses in the evening and doing his 
research work in the Company’s labora- 
tories or plants. 

A University Cooperating Committee of 
the Wisconsin Society of Professional En- 
gineers composed of engineers from in- 
dustry has studied many of the engineer's 
problems. The writer has been a member 
of this committee for a number of years. 

The Technical Institute was studied to 
determine its place in the educational and 
industrial engineering fields. It was ree- 
ommended that the Technical Institutes 
be encouraged to train men for specific 
jobs to aid engineers in industry. This 
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training should be given in technical in- 
stitutes not directly connected with the 
University. The courses should be special- 
izd and terminal in nature and should 
not be accepted for credit in the engineer- 
ing college of the University. The func- 
tion of the technical institute graduate is 
to do what might be termed sub-engineer- 
ing jobs so that engineers may be used 
only for professional work. One of the 
best ways to alleviate the shortage of 
engineers is to use them for only truly 
engineering functions in industry. The 
technical institute graduate can thus re- 
lease engineers for the real work for 
which they have been trained. 

The medical profession for many years 
has used nurses, X-ray technicians, thera- 
pists, and other sub-professional help to 
aid the physician and hence free him to 
direct the medical program. 

The University Cooperating Committee 
next studied a course in fundamentals for 
non-specialized engineering training and 
it was decided that such a course was 
very desirable from the industrial stand- 
point. A course was recommended which 
would consist approximately of: 


Mathematics 28 credits 
Chemistry 26 credits 
Physics 33 credits 
Engineering Fundamentals 33 credits 
Humanities 24 credits 

Total 144 credits 


This would be a four year course with 
a preponderance of science and would 
lead to a degree of Bachelor of Science 
in Engineering. Specialization would be 
left for graduate studies. 

Thus a committee of representative en- 
gineers of long experience in industry 
has indicated that there is a need for en- 
gineers trained in fundamental science, 
and that these engineers can be released 
for such fundamental work by providing 
Technical Institute graduates to do sub- 
professional work. 

It is often said that fundamental courses 
are all right for large companies that have 
training programs, but that small com- 
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panies require engineers trained in spe- 
cialties so that they can start work at once. 
One of the members of this committee is a 
mechanical engineer who owns a small 
company manufacturing mechanical equip- 
ment. He believes that a broad funda- 
mental training is very important in a 
small company where the engineers have 
to be versatile because the company can- 
not afford an engineer for each specialty. 

Allis-Chalmers has had a training pro- 
gram for many years for graduate en- 
gineers. This training costs the company 
about $10,000 per year per man. It con- 
sists of lectures and on the job training 
in various departments. The same train- 
ing is given to all engineers regardless 
of specialty. In the recruiting of engineer- 
ing graduates no specialized training is 
required of these graduates. A sound 
background of good scholarship in funda- 
mental subjects is one of the principal 
standards for picking the man. 

In addition to the practical training 
given in the Allis-Chalmer’s plants, courses 
also are given in graduate engineering 
subjects by members of the faculty of 
the Illinois Institute of Technology. 
These courses may be used for a Master’s 
Degree. The instructors come to the plant 
to give the courses in the evening. The 
Company pays a third of the engineers’ 
tuition upon registration for a course 
and another third upon satisfactory com- 
pletion of the course. A number of men 
obtain advanced degrees in engineering 
each year in this way or through the 
University of Wisconsin’s graduate 
courses given in Milwaukee. Research 
work for the thesis may be some problem 
that is being worked on for the company 
on company time or it may be a problem 
of no direct interest to the company. In 
the latter case the work is usually done 
on the student’s time, but with company 
equipment in the plant. 


Value of Fundamental Scientific Training 
in Industry 


Engineers usually enter one of four 
major fields in industry: 
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1. Design. 

2. Production. 

3. Sales. 

4. Research and Development. 


Scientific training is valuable for de- 
sign because it provides the basis for the 
creative work necessary. It gives the 
design engineer the background that en- 
ables him to design machines and proc- 
esses that will work commercially, and 
that will not violate some fundamental 
laws. Design is similar to research in 
that it requires imagination and an ability 
to visualize new equipment and processes 
and also new uses for old equipment. A 
sound background of science is necessary 
to enable the design engineer to read its 
literature and hence utilize all new dis- 
coveries to produce modern equipment. 

Engineers employed in production in 
today’s intricate manufacturing must be 
well schooled in science because produc- 
tion is no longer an application of brute 
strength to the fabrication or processing 
of materials; it is no longer a “eut and 
try” procedure; nor is it a sterile follow- 
ing of conventional patterns which have 
proved successful in the past. But rather 
it is an application of scientific principles 
to operations to give maximum efficiencies. 
Often production engineers are able to 
make improvements in processing that 
eliminate much expensive labor. Since 
modern production equipment is highly 
scientific, an engineer who operates and 
maintains this equipment also must know 
his science. Quality control by statistical 
analysis is an example of the use of sci- 
ence in manufacturing. Machining also 
has been improved as the result of sci- 
entific studies on metal removal. 

Sales engineering is a field with in- 
creasing interest to engineers. Although 
this field is often entered by many with- 
out engineering training, nevertheless 
sales engineering is a real profession and 
requires scientific knowledge. The prod- 


ucts of highly scientific design and manu- 
facture can be sold only if they fit into 
the customer’s plants and processes. A 
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wide variety of conditions and needs are 
encountered by the sales engineer. He 
must be able to discuss each customer's 
technical problems with engineers in that 


‘business. It would be impossible to train 


engineers in such a wide variety of tech- 
nologies, but a basic training in science 
allows the sales engineer to quickly un- 
derstand and adapt himself to any of the 
special conditions he meets. 

In research and development, it is usu- 
ally conceded that a thorough knowledge 
of science is essential. Here on the fron- 
tiers of knowledge, only the guideposts 
of the fundamental sciences can be used 
as the take off for expeditions into the 
unknown. There is no dividing line he- 
tween the scientist and engineer in re- 
search and development. The data ob- 
tained in this field are necessary for use 
by the design engineer to enable him to 
design large scale equipment and proe- 
esses. The future of all manufacturing 
and engineering is determined by re- 
search. Only by having a_ thorough 
knowledge of science can an engineer 
progress in research, and to get. this 
knowledge graduate training is desirable. 

About half the engineering students 
do not practice engineering as a life 
work. They may go into patent lav, 
purchasing, construction, or any business 
function. Can these engineers profit by 
scientific training? I think they can. 
Science is simply common sense or logic 
applied to natural phenomena. The s¢i- 
entist gets the facts and weighs the im- 
portance of each before coming to a de- 
cision. This is good training for almost 
any life career. It is much better than 
specialized engineering training for which 
these engineers will never have any use. 


Industrial Needs for Scientifically 
Trained Engineers 


Industry requires engineers who have 
had four years of study in the funda- 
mental sciences such as physics, chem- 
istry, mathematics, thermodynamics, elec- 
tricity and mechanics. Such graduates 
in non-specialized engineering should then 
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enter industries’ training programs or 
should take graduate work in the uni- 
yersities for advanced degrees. 

These engineers should be used for pro- 
fessional duties in industry with Techni- 
eal Institute graduates and other tech- 
nician’s help to assure maximum utiliza- 
tion of limited numbers of basically 
trained engineers. Such education and 
utilization of engineers will raise the 
standards of engineers and assure in- 
dustry of an ample supply of adequately 
trained men. 
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There is not complete agreement in 
academic circles on the advisability of 
fundamental training of engineers and 
their graduation without designation. 
Therefore, it is suggested that a course 
in “Fundamental Engineering” be estab- 
lished in engineering schools as an alter- 
nate course with present specialized 
courses. It is believed that with compe- 
tent and enthusiastic faculties for this 
course its graduates will be so successful 
that eventually industry will demand en- 
gineers with this fundamental training. 


College Notes 


Charles Pratt, President of Pratt In- 
stitute, has announced his intention of 
retiring. He will, however, continue to 
serve until his successor is appointed. 
The Board of Trustees has signified its 
intention of electing him its chairman at 
that time, thus preserving the continuity 
of his service. Mr. Pratt, who is a grand- 
son and namesake of the Founder of Pratt 
Institute, took over its chief administra- 
tive post from his father, the late Frederic 
B. Pratt, in 1937, and has been its execu- 
tive officer during its transition from a 
technical institute to a degree-granting 
institution. 


After eight months as Acting President 
of Fenn College, G. Brooks Earnest has 
been elected to the presidency of the 
Cleveland college. 


A new Acoustics Laboratory where sound 
that man cannot hear, as well as audible 
noise, will be investigated has been estab- 
lished in the Engineering Center at Co- 
lumbia University. When completed, the 
Laboratory will provide facilities for re- 
search and instruction in electroacous- 
ties, architectural acoustics, ultrasonics, 
psycho-acousties, speech, noise control, 
and musical acoustics. 


Dexter S. Kimball 


Dexter S. Kimball, former Dean of Engineering at Cornell University 
and a Past President of the American Society for Engineering Education, 
passed away on November 1, 1952. For more than half a century, Dean 
Kimball was one of the best known and best loved personalities on the 
Cornell faculty. He was nationally prominent in the field of engineering. 

Dean Kimball was born in New River, New Brunswick, Canada on 
October 21, 1865. He received the A.B. degree in engineering from Stan- 
ford University in 1896 and the degree of mechanical engineer from Stan- 
ford in 1913. He held honorary degrees from the University of Rochester, 
Case School of Applied Science, Kansas State College, Northeastern _ 


University and Lehigh University. 


He was honored by several scientific societies and received the Lamme 


Award from the ASEE in 1933. 


“Sa 
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The Modern Engineer Should be Educated as a 


Scientist. 


II. In College 


By GORDON 8S. BROWN 


Professor of Electrical Engineering, Massachusetts Institute of Technology 


It is probable that you would take many 
young engineers by surprise if you told 
them that they should be educated as sci- 
entists. They would point out that engi- 
neers are men of decision, of accomplish- 
ment, that they get things done in the 
framework of the hard cold world. The 
significance of an education in science be- 
comes clearer, however, if they appreciate 
first, that professional engineering is the 
application of the practical accomplish- 
ments of the scientist to the service of 
mankind, and second that engineering as 
practiced in the mid-twentieth century has 
a much more scientific flavor than it had 
only a few decades ago, and third that 
many scientists have demonstrated talents 
that present day engineers would do well 
to emulate. The words “as a scientist” 
then acquire a subtle meaning, but they 
should not be interpreted too narrowly for 
this discussion. It is more to the point to 
say that engineers should be educated 
“with depth in the sciences” rather than 
say “as a scientist.” 

If we take a look back and review the 
growth of technology as Professor Good- 
let * has done in a paper he read before 
the Institute of Electrical Engineers of 
South Africa, we may note several signif- 
icant facts. For example, throughout the 
period of the first industrial revolution, 
technology was such that many engineers 
succeeded in accomplishing great engineer- 
ing feats—the building of bridges, the de- 
sign and manufacture of heat engines, the 


* Goodlet, B. L., ‘‘The Universities and 
the Engineering World.’’ Trans. S. A. Inst. 
Elect. Eng., Aug. (1950), 231. 


weaving of cloth, the multitudinous sys- 
tems of transportation, and even the wire. 
less, in the face of an inadequate and 
often erroneous statement of basic theory. 
Many of the great inventions of our times 
came into being without the benefit of 
science, and often in spite of the predic. 
tions of eminent scientists. 

But engineering and science are both 
relatively young and growing fields. It is 
only a mere two hundred years or so since 
systematic scientific research began to get 
a hold in the great universities of the 
world. While science was young and 
growing, common sense and intuition still 
found great scope for application in engi- 
neering. Up to about the turn of the cen- 
tury engineers were able to pioneer in 
many new fields even though they did not 
know all the fine points as to the why. 
Their problems were such that to know 
the how was sufficient, for their tasks were 
largely to perform orderly arrangements 
of the known experiences of their day. 
During this period much of the study by 
the physical scientists was concerned with 
the establishment of truth within the tech- 
nical world then created by engineers. 
Then, as a consequence of these truths 
of the scientist there gradually spread 
throughout the various fields of engineer- 
ing a demand for a quantitative exactness 
of statement about more and more things. 
Engineers soon learned the value of quat- 
titative design as a substitute for em- 
pericism. The establishment, early in the 
19th century, of professorships in engi- 
neering in universities and of the technical 
institutes that have since attained full ir 
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ternational professional stature 
largely from this demand for quantitative 
exactness. 


Engineering is Complex 


But the situation today is in marked 
contrast with what it used to be. The 
complexities of engineering technology 
and the demands for creative engineering 
are far greater than those of even a decade 
ago. A sharpening up of old emperical 
tools is no longer sufficient. Engineering 
has become vitally dependent on science, 
and abstract scientific analysis often calls 
the shots for engineering. As a result of 
the accumulated know-how of several gen- 
erations of concentrated engineering aided 
by pure and applied scientific effort, we 
now have a vast store of fundamental 
knowledge. Thus, technical education as 
we think of it today has a digestion prob- 
lem. Obviously, the solution is not merely 
to demand more of a student’s time for 
professional study. In fact, modern de- 
mands for the education of the “whole en- 
gineer” resulting from the vast social in- 
fluence he now wields, have encroached on 
the time formerly available for profes- 
sional activities. What then has hap- 
pened, what must happen in the years 
ahead ? 

Fortunately, we are aided in small 
degree by the feedback process inherent 
in our social system. The day-by-day 
activity of our youth is conducted in 
an environment that is heavily technical 
—in the home, in school, and even at play. 
The effect is to augment a young en- 
gineer’s motivation for technical study. 
Then to, as the tempo of life has quick- 
ened, the high schools and preparatory 
schools have increased their skill at pre- 
paring boys for assimilating concentrated 
courses in mathematics, physics, chemistry, 
engineering, and humanities. But we can- 
not expect too much here and assume that 
high schools exist merely to prepare boys 
for college; their job is also to train 
youngsters for life. Neither can we as- 
sume that we have an inexhaustible pool 
from which to draw, for as Dean Hollister 
mentioned in his inspiring presidential 
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address at the Annual Meeting at Dart- 
mouth this summer we cannot expect any 
great increase in the percentage of high- 
IQ youngsters that will enter engineer- 
ing. This situation is serious in the face 
of an increasing demand for engineers. 
Hence, we must make the most of those 
whom we get and upgrade them, techni- 
cally and in creative capacity, above the 
level we have heretofore believed adequate. 


Creative Synthesis 


In making the most of what we can get 
we must not be deluded into thinking that 
our job is merely to turn out knowledge- 
able young men, walking encyclopedias, 
full of facts. On the contrary, we should 
aim to produce a person trained in basic 
principles and skilled at applying what we 
mean by creative synthesis in new complex 
engineering situation. The need is for 
composers in contrast with mere arrangers. 
To this end, the sifting of curricula con- 
tent in colleges and universities must con- 
tinue. Our faculties must comprise more 
outstanding men. Our skill at discriminat- 
ing between fundamental fact and mere 
useful knowledge in terms of today’s tech- 
nology must continue upward. Above all, 
more and more of us must realize that the 
engineer of tomorrow cannot be a person 
who merely makes decisions and gets an- 
swers to today’s problems. He must not 
be merely a high-powered technician. On 
the contrary, he must be that kind of pro- 
fessional individual whose knowledge of 
the modern fundamental discoveries of 
science is first rate; he must be able to 
sense those discoveries from which will 
spring the great new engineering develop- 
ments of tomorrow; he must have experi- 
enced the thrill of creative accomplishment 
in an environment where the fundamentals 
of science are practiced. He must not 
have been reared on mere drill at problem 
solving. The decisions and answers he must 
make are those that pertain to the new and 
unplowed areas of applied technology if 
he is to attain the stature of a creative 
engineering leader of the mid-twentieth 
century. The forward looking engineers 
and educators of today clearly realize— 
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as Professor Goodlet says—that “science 
until recently the servant of engineering, 
is becoming its master and that advances 
in engineering are now often made not by 
engineers but by scientists.” 

As an illustration of the close coupling 
of science and engineering let us take a 
look at any of the present-day growing 
fields of science or those that have re- 
cently reached the domain of engineering. 
In the early phases, the topic was full of 
problems that were of a challenging ab- 
stract kind and attracted the attention of 
scientists who found opportunity for ab- 
stract theoretical thinking. Their efforts 
pointed up many problems that required 
scientific study and culminated in throw- 
ing up an umbrella of sound scientific 
thought. Working in concert with them 
were the people whom I call engineers. 
They knew their fundamentals, they were 
bold and creative and they had an urge to 
apply their efforts to today’s needs. They 
in turn sifted, codified, and tabulated the 
scientific theories so that the issues even- 
tually became clearer, the useful distin- 
guishable from the interesting, and they 
applied the results to the benefit of society 
and industry. Finally great waves of peo- 
ple who are often called engineers, but 
who are perhaps better thought of as prac- 
titioners or technicians, were swept under 
this umbrella and produced, sold, and 
serviced the efforts of the engineers in the 
daily market. The engineers of whom I 
speak here will certainly not bother to 
argue the words—“trained as Scientists” 
or “trained in science.” 


Illustration 


Another illustration of this close coup- 
ling is the importance that industry at- 
taches to science and research and its 
dependence on them for sustained success. 
All organizations in the great industries 
of today, such as mechanical, electrical, 
chemical, aeronautical, maintain their own 
research organization or have their engi- 
neers keep abreast of the professional lit- 
erature wherein the results of research in 
pure and applied science are reported. In 
modern times the new developments in 
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industry result from the synthesis by en- 
gineers of new discoveries in pure and 
applied science. The interval from the 
time of discovery of new scientific phe- 
-nomena and theories to their industrial 
exploitation is today only a matter of a 
few years at most. Because of this tempo, 
we have been forced into an operating 
system in which large groups of noncon- 
formist engineer-scientist teams operate 
with a very clear plan of coordinated ef- 
fort. You will agree, I hope, that any en- 
gineer who does not know his science 
would be a technically illiterate member 
of any such team. 

But not every engineer trained as a 
scientist will practice engineering in the 
company of scientists or in a creative 
environment, or spend any of his own 
time in abstract thought. Many will be 
concerned wholly with bread and butter, 
or cookbook engineering rather than with 
the advancement of technology. A sound 
education in the sciences is an unneces- 
sary if not an undigestible luxury for a 
cookbook engineer, but I would hope that 
engineering schools of the future will re- 
duce to a minimum the number of cook- 
bookers among their all to few students. 
Spoon-feeding with facts is not the whole 
aim of modern engineering education. 
Admittedly we must do some of it as part 
of an undergraduate program, in getting 
started so to speak, and certainly many 
students whom we admit will fail to meas- 
ure up to our ideals yet still will serve 
humanity well. Our goal, however, must 
be to choose our raw material wisely, to 
salvage as many as possible from those 
who stumble along the way, and to offer 
graduate opportunities for as many as 
have the appropriate intellectual capacity. 


Aims in Educating Engineers 


An analysis of these situations leads to 
the conclusion that the education of the 
leading engineers for a creative profes- 
sional career should have the same or 
nearly the same characteristics or quali- 
ties as the education of the scientist— 
with, however, the stipulation that it 
make them good engineers and not medi- 
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ocre scientists. That is to say, these engi- 
neers must, in addition to knowing science, 
know the practical world. Their concern 
is basically one of practical utility, but 
of tomorrow’s vintage, not yesterday’s. 
Their job is to satisfy the material needs 
and desires of people within their willing- 
ness or capacity to pay. They must be 
leaders of men. They must consider man- 
ufacturing problems, labor conditions, and 
above all have sound judgment. They can- 
not be mere tradesmen or technicians, since 
they must make use of the accumulated 
knowledge and techniques of the mathe- 
matician and the scientist, as well as use 
all the tricks of their own trade. While 
being primarily interested in knowledge 
because it is useful, in contrast to the sci- 
entist who is interested in knowledge to 
uncover the truth about the real world, 
they do not restrict all their interest to 
knowledge that is useful today. Their 
sights are upward—they clearly have their 
eyes set on tomorrow. 

So much for the aims. As educators 
how well do we live up to them? Two 
general matters will bear discussion, 
namely, (1) as science advances and as 
engineering becomes more scientifie do 
we keep up-to-date in the matter of cur- 
riculum substance, and (2) do we create 
as often as we should the best environ- 
ment for teaching engineering? 

On the question of curriculum take for 
example the situation that exists now in 
college physics. The last decade has wit- 
nessed a tremendous growth in so-called 
modern physics with the birth of atomic 
physics and physies of the solid state, 
just to cite two new fields. A knowledge 
of both is important to modern engineers. 
But the curriculum hours for teaching 
physics are limited. Hence it is essential 
that we review the distribution of aca- 
demic effort within the science and engi- 
neering departments as a continuing 
activity and be constantly alert to op- 
portunities which would result in the 
engineering departments teaching much 
of the classical physics as an integrated 
part of engineering, while the physics 
departments use their allotment of time 
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to teach modern physics to engineers. Be- 
cause of the heavy expenditures of time 
and money associated with any program 
of modernizing laboratory courses, I sus- 
pect that many of us have failed to incor- 
porate in engineering laboratory courses 
much subject matter that is now taught 
in freshman and sophomore physics lab- 
oratory just because it always has been, 
when actually it could greatly strengthen 
the engineering subject. 

Similar remarks can be made about the 
teaching of mathematics. As engineering 
has continued to upgrade, the substance 
of mathematics has become more and 
more an integral part. Not many years 
ago function theory, operational methods, 
Fourier transforms, and Fourier series 
were taught exclusively by the mathematic 
departments. They were rarely used or 
even mentioned by engineers, except per- 
haps in graduate work. Now they have 
become indispensible tools in engineering 
subjects such as circuit theory, applied 
mechanics, and so forth. Mathematics 
courses for engineers have thus been freed 
to treat more advanced topics and give 
more training in abstract thought. 


Improvement in Teaching 


In spite of all the ASEE meetings that 
diseuss the teaching of engineering we 
still observe need for improvement. The 
substance may be all right but the subject 
often does not take. Is it because we 
fail to give the student those concepts 
that will allow him to be creative and fail 
to show him how to use them? Do we 
stop short in presenting fundamentals 
in order to reach the handbook stage of 
so-called engineering design? Do we teach 
rather than educate? Speaking strictly 
as an electrical engineer, it seems to me 
that many students graduate with a wholly 
inadequate understanding of modern field 
theory. To many it appears as a useless 
scientific abstraction. While most stu- 
dents can handle a statics problem such 
as plotting a field distribution or design- 
ing a simple electromagnet, too many are 
stopped dead in their tracks when the 
problem is made dynamic by introducing 


| 
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time as a variable with attendant space 
propagation. The general rule seems to 
be that only students in the communica- 
tions option are expected to take field the- 
ory seriously, and these limit their interest 
wholly to radio. Perhaps the advent of 
the transistor, and the wide engineering 
interest in physics of the solid state will 
improve this situation. As another ex- 
ample, witness the recent state of the 
teaching of electrical machinery. Many 
subjects are limited to the treatment of 
the machine in the static state. There is 
great preoccupation with steady-state per- 
formance... There is rarely much substance 
that allows a student to be creative about 
unusual combinations of fields and con- 
ductors, especially those that might ex- 
ploit non-linearities. More recently an 
emphasis on the machine as an energy con- 
version element { in a system has emerged. 
Also the subject of feedback control has 
aroused a greater interest in the dynamics 
of machine behavior with the machine here 
relegated to the status of a circuit element 
in a complicated energy conversion sys- 
tem. While some detailed understanding 
of the design technique of specific ele- 
ments of a routine nature may have been 
lost in this evolutionary process, it seems 
to me that the student may be better edu- 
cated since his emphasis on the system 
problem and his guidance in abstract 
thinking have been increased. 


Need to Develop Wisdom 


Fortunately, however, communication 
within academic and engineering circles 
is sufficiently effectual that in so far as 
curriculum substance is concerned there 
is little point to an extensive discussion. 
Our concern is not primarily with how 
well we present our facts and figures or 
how well we build up the student’s knowl- 
edge. Rather, it is with, how well we 


succeed in training him to use his mind, 
or with how well we inculeate in him the 
so-called scientific method and give him 

+t A. E. Fitzgerald and Charles Kingsley, 
Jr., ‘‘ Electrical Machinery.’’ An integrated 
treatment of AC and DC machines. Mce- 
Graw-Hill Book Co., Inc. 1952. 
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the collatoral capacity to think creatively 
in the abstract about basic fundamentals 
as he works with his facts and formulae, 
In other words, our concern is whether we 
‘achieve any development of wisdom in ad- 
dition to imparting knowledge. And the 
two are vastly different as so beautifully 
described by Cowper: 


‘‘Knowledge and wisdom, far from being 
one, 

Have ofttimes no connexion. 
dwells 

In heads replete with thoughts of other men, 

Wisdom in mind attentive to their own. 

Knowledge, a rude unprofitable mass, 

The mere materials with which wisdom 
builds, 

Till smoothed and squared and fitted to its 
place 

Does but encumber whom it seems to enrich. 

Knowledge is proud that he has learned so 
much; 

Wisdom is humble that he knows no more.’’ + 


Knowledge 


While we must not deprecate the im- 
portance of factual information to an 
engineer, the item of greatest importance 
to this discussion is that whereas it has 
long been accepted that embryo scientists 
shall have training in research while in 
college, the training of embryo engineers 
in research, or perhaps development, on 
an organized basis is a relatively recent 
innovation. In fact, at the level that I 
believe it should be practiced, I doubt if 
it is at all widespread. In many institu- 
tions there is no thesis requirement for a 
B.S. degree in engineering while in others, 
thesis is not even required for an MS. 
degree. In too many instances, the stu- 
dent attends lectures, performs canned ex- 
periments, and solves problems closely re- 
lated to the specific course for his entire 
four years. At no time does he have the 
need, let alone the urge, to synthesize from 
several different fundamental concepts, to 
create as an engineer. His efforts are 
wholly those of analysis limited to frag- 
ments of a problem. 

But powerful forces are at work within 
engineering and science that offer many 

¢ William Cowper, ‘‘The Task,’’ Bk. VI, 
lines 88-98, 1785. 
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precious opportunities for helping both 
teacher and student. Not only has the 
sustained cold war promoted an extensive 
amount of government sponsored research 
in educational institutions, but many in- 
dustries have realized that they must 
sponsor research in educational institu- 
tions for their own protection. I hope 
the public utility and power industries 
come to this realization before vitality 
and creative thinking in their field disap- 
pears completely from engineering schools. 


Major Change in Thinking 


Perhaps without fully realizing it we 
are on the threshold of witnessing a 
major change in our thinking. The re- 
cent summer meeting of the ASEE held 
an interesting panel discussion on, “Train- 
ing in Research.” Speakers discussed “the- 
sis and seminar,’ “sponsored research,” 
“raining in research,” and related topics 
such as “pure versus applied,” “the right 
atmosphere,” and so forth. The speakers 
all talked freely about the wonders of 
the scientific method and of the integrat- 
ing value of research in so far as it tied 
together the various fundamentals of a 
curriculum; of the experience it gave in 
organizing an attack on a problem as the 
researcher filtered, decoded, rejected, in- 
terpreted, synthesized, and decided; of the 
effectiveness with which research brought 
opportunities for new abstract thinking 
into the environment of the engineer. 
The speakers were faculty members of 
American engineering colleges. Some 
were engineers, others were scientists. 
What they all were saying was that 
participation in a live enterprise in a 
creative scientific environment, with fer- 
tile opportunity for abstract thinking 
where men were not afraid to do new 
things and tread unworn paths, was good 
education. It seems to me that they were 
afirming the objective of this panel dis- 
cussion under a different title. 

Research or development projects in 
both engineering and science performed 
on campus under the supervision of a 
faculty member are priceless adjuncts to 
an institution’s program. It is important 
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that we insist, however, that the projects 
be such that a student can work as an 
assistant to a faculty member, or be a 
member of the engineering team and have 
the thrill of being part of a creative 
environment. In many instances he can 
handle a segment of the problem on his 
own as a thesis. In either case, he is 
withdrawn for awhile from the treadmill 


‘of taking courses and given a chance to 


stand on his own feet. If properly guided 
he can be given the collatoral experience 
of seeing the whole problem, seeing how 
subtly and surely its solution cuts across 
many fields of specialization and thereby 
see, perhaps for the first time, the inter- 
relationships of substance within his cur- 
riculum. He can note how the problem 
is often first scanned in terms of such 
simple concepts as energy balance— 
kinetic, potential, thermal, chemical, elec- 
tromagnetic, and so forth—that it involves 
measurement if it is to be specific, and 
energy conversion if it performs useful 
work in the real world, that the whole 
problem can be first examined in a pseudo 
abstract sense, that the tools of the mathe- 
matician permit effective abstract thought, 
that there often exist analogies of the 
whole situation in other fields. In several 
instances, he will see that the tempo of 
technology is so great that the engineer 
cannot wait for the scientist to get the 
answers to basic questions, so he must 
pinch hit himself as a scientist. When 
such conditions exist within faculties of 
engineering schools, the student both un- 
dergraduate and graduate, has an excellent 
experience if he can be cut in on the 
enterprise. Finally, if the problem is 
creative in an engineering sense, the 
student will see that it takes years to 
reach an objective, that he must be alert 
to the temptation to substitute lower 
standards of accomplishment for per- 
sistence and patience, and that in the 
appraisal of the multitudinous questions 
for which no quantiative data exist there 
appears the opportunity for the applica- 
tion of that something called sound en- 
gineering judgment, a vital characteristic 
of all good engineering. 


itively 
entals 
mulae, 
ler We 
in ad- a 
1d the 
‘ifully 
wledge 2 
r men, a 
yn, 
hat I 
ibt if 
stitu- 
for a 
thers, 
stu- 
d ex- 
ly re- 
ntire 
e the 
from 
ts, to 
are 
frag- 
‘ithin 
nany 


280 MODERN ENGINEER SHOULD BE EDUCATED AS SCIENTIST 


Sponsored Research 


Perhaps not all institutions are willing 
to have the kind of engineering enterprise 


on their campus that will provide such . 


an environment. I hold the opinion that 
modern engineering education. needs this 
kind of environment for the learning of 
today’s substance and that society should 
see to it that all the schools which can, 
do. I do not think that so-called coopera- 
tive courses, where the student is a term 
at school and a term at the works, wholly 
meet the needs of the times though they 
are important in themselves. While they 
offer an opportunity for participation in 
an engineering environment, only rarely 
is it as broadly creative as a college 
campus can offer. The questions that 
should be asked when making a choice of 
project are not whether it is basic or fun- 
damental, applied research or develop- 
ment, but whether: 


A. The institution has in existence or 
potentially available the facilities 
and staff needed for the work? 

B. The faculty has a strong interest 
in this kind of work, and whether 
it would both broaden and deepen 
their scholarship? 

C. The program falls within the areas 
of activity covered by the educa- 
tional program? 

D. The activity will offer the oppor- 
tunity for student participation? 


The question of research or development 
work under government or industrial 
sponsorship is one that institutions and 
industry should face squarely. While 
some commercial organizations may be 
hostile toward university participation in 
their fields, it cannot be denied that chal- 
lenging development work on a paid job 
under a professor’s direction is an ex- 
tremely valuable educational experience 
for the graduate. It can considerably en- 
hance his usefulness as a member of an in- 
dustrial organization. The general idea 
here expressed has for decades been in 


§ Sherwood, T. K., Chem. and Eng. News, 
Am. Chem. Soe. 2 (1950), v. 28, p. 456. 


widespread use in the medical profession 
in the program of internship undertaken 
by young doctors of medicine before enter. 
ing private practice. Furthermore, the 
vitality and professional flavor of the aca. 
demic engineering environment can be 
advantageously nourished by close and 
flourishing industrial association. The 
flight of dynamic professors from the uui- 
versity to industry can often be retarded 
by establishing on-campus engineering re. 
search. Clearly, an institution should de. 
mand the opportunity to cultivate such as. 
sociation without surrendering academic 
freedoms and the right to publish. It 
should insist on a tempo of activity that 
will permit of student participation ata 
pace commensurate with an academic pro- 
gram, and should assure itself that the 
effort will contribute to the academic 
strength of the institution rather than 
merely solve an industrial problem. If it 
holds to these requirements it will not be 
trespassing on the prerogatives of commer. 
cial research organizations. Obviously, m0 
stigma should attach to an academic thesis 
performed on a paid job. I firmly believe 
in development engineering enterprise 
within college departments, such as servo- 
mechanisms laboratories wherein genuine 
engineering responsibility is accepted, jus 
to cite one I know well, if modern engi- 
neering graduates are to be trained to the 
level of professional competence that the 
times necessitate. I do not believe we g0 
far enough when we assign to engineer 
only small fragmentary so-called basi 
problems. They may be all right if w 
are only searching for truth, but they 
are rarely comprehensive enough to er 
ploit fully the capacity of the engine 
for creative synthesis. 


Case Method 


Closely allied to the general problem 
of research is the technique of engineerilg 
instruction by the project or case method 
Specific cases do not need to be nev 
original problems in order to be a subst 
tute for research when considered in It 
lation to the student’s state of knowledge 
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This is particularly true of undergradu- 
ates. Often the best examples emerge from 
faculty participation in research. Profes- 
sor E. P. Neumann of the Mechanical 
Engineering Department at MIT demon- 
strated this a year or so ago. A group 
of his undergraduate students studying 
thermodynamics were assigned the prob- 
lm of maintaining the cockpit tempera- 
ture in a supersonic aircraft at a level 
that would be acceptable to the pilot. 
The group was told to absent themselves 
from the regular classroom session in 
thermodynamics while they handled this 
problem. Their accomplishments were 
startling to say the least. Not only did 
they learn to apply the principles of 
thermodynamics, but they uncovered and 
applied principles usually learned in other 
fields but which were here part of the 
problem. They had to learn about super- 
sonie air flow, especially as related to 
thermodynamics. They found it necesary 
to diseuss the problem with people of 
various professional backgrounds. At the 
end of the term they took the regularly 
scheduled final examination and did es- 
sentially as well as the better students who 
studied the regular subject. Instead of 
submitting to the usual experience of cov- 
ering so many thermodynamic principles, 
they actually uncovered a few on their 
own. While the topic was one in which 
academic achievement could be quantita- 
tively assessed by the instructor, it brought 
into focus in a very real way several as- 
sociated disciplines of engineering, for it 
necessitated that the student obtain quan- 
titative answers to real problems on a time 
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schedule and subject to the limitations of 
engineering feasibility, economics, good 
common sense, and so forth. 

On another occasion a group of elec- 
trical seniors were assigned the task of 
designing and promoting commercially a 
gas-discharge flash light for amateur 
photographers. Still another group of 
mechanicals tackled an improved design 
of commercial vacuum cleaner. Each 
project cut across many fields of speciali- 
zation and introduced both technical and 
non-technical problems of a creative kind. 


Summary 


In conclusion, let me summarize my 
contentions as follows. Modern profes- 
sional engineering is the application of 
natural laws and phenomena to the serv- 
ice of man. It leans heavily on the mod- 
ern discoveries of physics, mathematics 
and chemistry. The future promises such 
heavy demands on engineers that the best 
of those whom we train must be developed 
to the highest state of professional skill 
commensurate with their latent talents and 
the capacity of educators to develop them. 
This calls for extensive training of engi- 
neers in depth in the associated fields of 
science in a creative environment under 
the guidance of a faculty which itself is 
creative. In addition to the inclusion of 
strong basic science courses, the curricu- 
lum should offer substantial scope for stu- 
dent participation in research or make 
frequent use of the case method of in- 
struction with creative examples as a 
means of illustrating the application of 
modern science to engineering work. 
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Eener, Cart A., Associate Professor of Civil 
Engineering, Purdue University, Lafa- 


New Members 


yette, Ind. 
Wiley. 

Eu-MeLEny, M. A., Assistant Professor of 
Electrical Engineering, University of Ar- 
kansas, Fayetteville, Ark. G. F. Branigan, 
N. H. Barnette. 

FEporcHUCK, HENRY N., Assistant in Me- 
chanical Engineering, University of De- 
troit, Detroit, Mich. H. Gudebski, W. P. 
Godfrey. 

Foster, ArtHuR R., Assistant Professor of 
Mechanical Engineering, Northeastern 
University, Boston, Mass. A. J. Ferretti, 
H. K. Brown. 

GENSAMER, MAXWELL, Professor of Metal- 
lurgy, Columbia University, New York 27, 
N. Y. J. M. Garrelts, P. B. Bucky. 

GERSHON, JOSEPH J., Director of Engineer- 
ing, DeForest’s Training, Inc., Chicago, 
Ill. A. B. Bronwell, O. I. Thompson. 

GMEINER, PAUL, Instructor in Advanced En- 
gineering Education, International Busi- 
ness Machines Corporation, Poughkeepsie, 
N. Y. RB. W. Wolslegel, E. E. Moyer. 

GODDARD, WILLIAM E., Vice President and 
General Manager, Canadian Institute of 
Science & Technology, Ltd., Toronto, On- 
tario, Can. E. A. Alleut, W. P. Ferguson. 

Hvttquist, Paut F., Instructor in Applied 
Mathematics, University of Colorado, 
Boulder, Colo. C. L. Eckel, C. A. Hutchin- 
son. 

JOHNSON, Ray C., Instructor in Mechanical 
Engineering, University of Rochester, 
Rochester, N. Y. R. R. Kraybill, R. F. 
Eisenberg. 

W., Professor of Civil Engi- 
neering, University of Florida, Gainesville, 
Fla. J. E. Kiker, Jr., T. L. Bransford. 

Lapp, Roger E., Massachusetts Institute of 
Technology, Cambridge, Mass. T. F. 
Jones, Jr., D. C. Ladd. 

Lan@, WILLIAM A., Manager, Educational 
Assistance Dept., Minneapolis-Honeywell 
Regulator Co., Philadelphia, Pa. W. J. 
Stevens, K. W. Riddle. 

LANHAM, FRANK B., Assistant Secretary, 
American Society of Agricultural Engi- 
neers, Saint Joseph, Mich. H. J. Barre, 
R. Olney. 


F. W. Stubbs, Jr., R. B. 
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Lanz, Louis T., Coordinator, Technical Per- 
sonnel Procurement Dept., Monsanto 
Chemical Company, St. Louis, Mo. R. F. 
McCook, J. J. Healy, Jr. 

LEWELLEN, JAMES G., Assistant in Aero- 


nautical Engineering, Parks College of 


Aero. Tech., East St. Louis, Ill. N. C. 
Beck, H. R. Grummann. 

Lewis, LAVERNE F., Associate Professor of 
Physics, U.S.A.F. Institute of Technology, 
Dayton, Ohio. J. H. Belknap, H. F. 
Marco. 

LINTON, FRANKLIN H., Director of Place- 
ment, Wentworth Institute, Boston, Mass. 
W. C. White, M. N. Arlin. 

Lisk, Harotp H., Director, Publications 
Dept., Norden Laboratories Corp., White 
Plains, N. Y. W. R. Woolrich, A. B. 
Bronwell. 

LorticH, Puiuip B., Director of Admissions 
and Coordinator of the Cooperative Pro- 
gram, Illinois Institute of Tech., Chicago, 
Ill. J. G. Duba, R. G. Owens. 

LUNDERGAN, CHARLES D., Acting Head, 
Dept. of Aeronautical Engineering, Parks 
College of Aero. Tech., East St. Louis, Ill. 
N. C. Beck, H. 8S. Wood. 

LyNcH, WILLIAM A., Associate Professor of 
Electrical Engineering, Polytechnic Insti- 
tute of Brooklyn, Brooklyn, N. Y. C. C. 
Whipple, J. W. Hostetter. 

MACKSON, CHESTER J., Instructor in Agri- 
cultural Engineering, Michigan State Col- 
lege, East Lansing, Mich. W. O. Carver, 
W. M. Carleton. 

Marcus, JosepH 8., Assistant Professor of 
Civil Engineering, University of Massa- 
chusetts, Amherst, Mass. M. P. White, G. 
A. Marston. 

MARSHALL, W. R., JR., Associate Professor 
of Chemical Engineering, University of 
Wisconsin, Madison, Wis. R. J. Altpeter, 
R. A. Kirk. 

McCa.es, OMER K., Coordinator of Indus- 
trial Arts, Reedsport Union High School, 
Reedsport, Ore. G. B. Cox, R. M. Lock- 
wood. 

McCuiune, ALFRED R., Assistant Professor 
of Electrical Engineering, West Virginia 
Institute of Technology, Montgomery, 
W. Va. P. H. Renton, M. J. Horsch. 

McFALL, RusseLL W., Manager, Technical 
Education Services Dept., General Electric 
Company, Scotia, N. Y. K. B. Me- 
Eachron, Jr., G. A. Rietz. 

McKeEE, JEWEL C., Jr., Associate Professor 
of Electrical Engineering, Mississippi 


NEW MEMBERS 


State College, State College, Miss. H. ¢, 
Simrall, H. P. Neal. 

MERCHANT, JOHN A., Registrar, Association 
of Professional Engineers of the Province 
of British Columbia, Vancouver, B. (, 
Canada. R. E. Wilkins, A. D. Creer. 

MICHENER, CHAS. T., Assistant Professor of 
Engineering, Pennsylvania Military Col- 
lege, Drexel Hill, Pa. D. H. Pletta, L. 
O’Shaughnessy. 

MonisMITH, Cart L., Instructor in Civil En- 
gineering, University of California, Berk. 
eley, Calif. J. B. Franzini, E. P. Popov. 

Morse, FREDERICK B., Instructor in Mechan. 
ical Engineering, Purdue University, La- 
fayette, Ind. H. L. Solberg, F. © 
Hockema. 

NalL, Paut L., Instructor in Radio Theory 
Dept., Central Radio & Television Schools, 
Kansas City, Mo. C. L. Foster, N. E. 
Vilander. 

NEDDERMAN, WENDELL H., Associate Profes- 
sor of Civil Engineering, Texas A.&M. 
College, College Station, Texas. R. L 
Peurifoy, H. J. Miles. 

OETJEN, J. EpwarD, Assistant Professor of 
Mechanical Engineering, University of 
Cincinnati, Cincinnati, Ohio. R. T. Howe, 
R. L. Smith. 

Peterson, Emit J., Assistant Commandant, 
The Engineer School, U. S. Army, Fort 
Belvoir, Va. W. N. Underwood, T. R. 
Jones. 

PicKARD, EpwarD E., Educational Advisor, 
The Engineer School, U. S. Army, Fort 
Belvoir, Va. W. N. Underwood, T. B 
Jones. 

Price, WILLIAM J., Associate Professor of 
Physics, U.S.A.F. Institute of Technology, 
Dayton, Ohio. J. H. Belknap, H. F. 
Marco. 

ReaD, THoMas A., Associate Professor of 
Metallurgy, Columbia University, New 
York, N. Y. J. M. Garrelts, P. B. Bucky. 

Reis, Irvine L., Assistant Professor of 
Mechanical Engineering, and Supervisor 
of Institutes, University Extension Divi- 
sion, University of Nebraska, Lincoln, 
Neb. N. H. Barnard, J. K. Luewickson. 

Riwvie, Rosert L., Assistant Professor of 
Electrical Engineering, Pennsylvania State 
College, State College, Pa. V. E. Neilly, 
K. L. Holderman. 

ROBERTS, ERSKINE G., Consulting and De 
signing Engineer, Indianapolis, Indiana. 
C. L. Curtis, H. K. Downing. 

ScHNEIDER, WALTER L., Instructor in Me 
chanical Engineering, New York Univer- 
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NEW MEMBERS 


sity, New York, N. Y. A. H. Church, E. 
A. Salma. 

ScHOENBERGER, Rosert L., JR., Instructor in 
Machine Design, Purdue University, Lafa- 
yette, Ind. A. R. Holowenko, F. J. 
Bogardus. 

ScHoNn, JAMES F., Instructor in Engineering, 
City College of San Francisco, San Fran- 
cisco, Calif. J. B. Franzini, A. E. Ed- 
strom. 

SENNE, JOSEPH H., Jr., Assistant Professor 
of Civil Engineering, Missouri School of 
Mines and Metallurgy, Rolla, Mo. C. L. 
Wilson, J. B. Butler. 

SetzkE, Henry A., Instructor in Electronics, 
DeForests Training, Inc., Chicago, Ill. O. 
I. Thompson, J. A. M. Lyon. 

SmitH, Davip B., Associate Professor of 
Civil Engineering and Assistant Director, 


Engineering & Ind. Experiment Station, © 


* 
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University of Florida, Gainesville, Fla. 
J. E. Kiker, Jr., T. L. Bransford. 

SowagBy, A. JoHN, Instructor, Division of 
Advanced Engineering Education, Inter- 
national Business Machines Corp., Pough- 
keepsie, N. Y. R. W. Wolslegel, E. E. 
Moyer. 

Van ANTWERPEN, FRANKLIN J., Editor, 
American Institute of Chemical Engineers, 
New York, N. Y. C. G. Kirkbride, J. 8. 
Walton. 

WarLaM, ArPaD A., Adjunct Associate Pro- 
fessor of Civil Engineering, New York 
University, New York, N. Y. G. G. Kubo, 
N. Porter. 

WEIDMANN, GEORGE P., Associate in Graph- 
ies, Columbia University, New York, N. Y. 
G. M. Allen, H. W. Vreeland. 


199 new members elected this year 


* 


Pacific Southwest Meets at San Luis Obispo 
The Pacific Southwest Section of the Society plans its 1952 annual meeting for 


Monday and Tuesday, December 29 and 30 at the California State Polytechnic College 
at San Luis Obispo, California. Members residing in the States of California, Arizona, 
Nevada and New Mexico and the Territory of Hawaii are assigned to this section. A 
program is being arranged under the chairmanship of C. M. Duke of the University of 
California, Los Angeles, in keeping with the society’s theme the “Year of Evaluation.” 
About twenty offers of papers have been received to date. Harold Holmes of California 
State Polytechnic College is Arrangements Chairman, Carlton E. Cherry, C. M. Duke, 
and Joseph B. Franzini are Chairman, Vice Chairman and Secretary of the section 
respectively. 


Now Available .. . 


Reprints of the Report of the Committee on Improvement of Teach- 
ing which appeared in the September, 1952 Journal of Engineering 
Edueation. Checks and orders should be sent to the Journal of Engi- 
neering Education, Northwestern University, Evanston, Illinois. The 
price is $8.00 per hundred and 15¢ per copy in quantities under 100. 


3 = 


Young Faculty Members .... . 
PAPER COMPETITION 


ELIGIBILITY: Members of ASEE not over 36 years of age in June, 1953. 


AWARDS: First prize $200—Second prize $100. 
Awards will be presented to recipients at the Banquet at the 
Annual Meeting of ASEE, University of Florida, June 25, 1953, 


SUBJECT: Papers should deal with some constructive phase of improvement 
of engineering education. Participants are encouraged to select 
their own subject matter and titles within the broad framework 
of improvement of engineering education. In general, the 
papers should not be of a technical nature. The following ar 
suggestions of the type of subject matter to consider: 


a. How can the student learn to deal with new and unfamiliar 
situations with originality and well-ordered professional 
thinking? 

b. What are the most important qualifications of under. 
graduate teachers of engineering? 


JUDGING: Each Section will appoint its own judging committee and seledt 
one winning paper. The winning papers from the Sections will 
be reviewed by a national judging committee for the final awards. 


SUBMISSION OF Papers can be submitted to the folowing persons in the ASEE 


ENTRIES: Section in which the participant resides: 

Section Final Date Submit Entry To: 

Allegheny April 1, 1953 L. Zee, West Virginia University, Morgantown, W. Va. 
Missouri April 1, 1953 ¥F. H. Conrad, School of Mines, Rolla, Mo. 


National Capital March 3, 1953 L. K. Downing, Howard University, Washington, D. C. 
North-Midwest April 1,1953 8S. J. Chamberlain, Iowa State College, Ames, Iowa 


Ohio March 14, 1953 H. K. Justice, University of Cincinnati, Cincinnati, Ohio 
Pacific-Northwest March 15, 1953 J. P. Spielman, State College of Washington, Pullman, 
Wash. 


Rocky Mountain March 10, 1953 R. E. Leffel, University of Colorado, Boulder, Colo. 
Southeastern Feb. 27,1953 M. Baker, University of Kentucky, Lexington, Ky. 
Southwestern April 2,1953 RB. D. Slonneger, University of Houston, Houston, Tex. 
Upper New York March 15, 1953 A. D. Taylor, 18 Campus Drive East, Snyder 21, N. Y. 


The following Sections have not indicated a final date for entries, but papers submitted 
prior to March 15 will be considered : 


Illinois-Indiana _ H. A. Moench, Rose Polytechnic Institute, Terre Haute, 
Ind. 

Kansas-Nebraska — M. A. Durland, Kansas State College, Manhattan, Kans. 

Michigan —_ C. C. Winn, Detroit Inst. of Technology, Detroit, Mich. 

Middle Atlantic =e W. B. Plank, Lafayette College, Easton, Pa. 

New England as E. T. Donovan University of New Hampshire, Durham, 

Pacific-Southwest — C. E. Cherry, College of Marin, Kentfield, Calif. 
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THE T-SQUARE PAGE 


DEVOTED TO THE INTERESTS 
OF ENGINEERING DRAWING 


J. S. 
H. E. Grant 
R. P. HoELSCHER 
JOHN M. Russ, Editor bs View 
E. 


State University of Iowa \_y 


Midwinter Meeting 
of the 


Engineering Drawing Division of the AS.E.E. 


University of Nebraska, Lincoln, Nebraska 


January 29, 30, and 31, 1953 


The Drawing Division was invited to hold its Midwinter Meeting at the University 
of Nebraska during the annual meeting at East Lansing, Michigan. The Executive 
Committee accepted this offer and fixed the dates of January 29, 30, and 31, 1953. 
The program includes: 


Thursday, January 29: 


9 :00-10 :30 a.m. 
10:30 a.m. 


12:00 noon 
1:00- 1:15 p.m. 


2:50- 4:30 p.m. 
4:30 p.m. 


7:00 p.m. 
8 :00-10 :00 p.m. 


Registration, 2nd Floor, Bancroft Building 


Meeting, Auditorium, Bancroft Building 


Greeting: Dean Roy M. Green, College of Engineering and 
Architecture, University of Nebraska 


Response: (For the Division) Dean Jasper Gerardi, Chair- 
man of the Division 


“Reduction of Forces in Space by Graphical Methods,” Pro- 
fessor E. J. Marmo, Department of Engineering Mechanics, 
University of Nebraska 


Luncheon, Student Union 


Board Buses for Boys’ Town 
(Arrive at Boys’ Town about 2:40) 


Inspection of Boys’ Town 


Board Buses for Lincoln 
(Arrive at Lincoln about 6:00) 


Executive Committee Meeting 


Informal get-together, Faculty Lounge, Student Union 
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Friday, January 30: 
9 :00-10 :00 a.m. 
10:00 a.m. 


12:00 noon 
1:15- 3:15 p.m. 
3:15 p.m. 

3:30- 4:30 p.m. 
6:30 p.m. 


THE T-SQUARE PAGE 


Inspection of College of Engineering and Architecture facilities 


Meeting, Ferguson Hall, Room 215 


1. “Opportunities and Responsibilities of Drawing in a 
Engineering Educational Program,” Professor John 1, 
Rule, Chairman, Section in Graphics, M.I.T. 


2. “Graphical Methods for Radium Needle Dosage Calcula. 
tion in the Treatment of Cancer,” Howard W. Vreeland, 
Assistant Professor of Graphics, Columbia University 


3. “Effect of Emphasizing Time in the Teaching of Engineer. 
ing Drawing,” Professor Maurice F. Richards, Santa 
Barbara College 


Luncheon, Student Union 

Inspection Trip to Elgin Watch Company 
Board Buses for State Capital 

Inspection of State Capital 


Annual Dinner (Men and Women), Student Union 
Speaker: R. G. Gustavson, Chancellor, University of Nebrask 


Saturday, January 31: 


8:45 a.m. 


9:00 a.m. 


9:30 a.m. 


12:00 noon 


“Manufacturing and Design Problems,” Elgin Watch Company, 
followed by discussion 


“A Short Terminal Course in Technology,” Lyle E. Young, Min- 
nesota Institute of Technology 


Panel Discussion, “Objectives of a Department of Engineering 
Drawing” by panel members, C. I. Carlson (University of 
Illinois); W. E. Street (Texas A.&M.); H. P. Skamser 
(Michigan State); C. G. Sanders (Iowa State); J. § 
Rising (Iowa State), Moderator 


Luncheon, Student Union 
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Typical oscillograph of exploring-coil voltage, nor- 
mal excitation, full-load. 


The exploring coil is isolated from the 
armature circuit electrically, but is sub- 
ject to the same flux as the armature 
winding. Only one side of the exploring coil 
is in a conventional armature slot. The 
other side lies in a special groove in the 
armature shaft and this side of the coil is 
not in the flux path. In effect, the explor- 
ing coil gives a true indication of a single 
conductor cutting the flux of the machine. 


Professer F. Wahler of the Polytechnic Institute 
of Brooklyn, N. Y. says: 

“The spontaneous enthusiasm shown by 
students using this exploring-coil generator 
to study armature reaction, proves that 
it is a ‘must’ for all electrical machinery 
laboratories.”’ 


General Electric Company, Section 687-71 _ 
Schenectady 5, N. Y. 

Please send me bulletin GEC-747 on the 
 €xploring-Coil Generator. 

() Planning an immediate project 

O For reference only 


= 


____Zone___ State. 


GENERAL 


11 


ploring coil 
Im ap 34 | 
ebraska 
: 


ENGINEERING 


ILLUMINATION ENGINEERING. New 2nd Edition 
By Warren B. Boast, Iowa State College. Ready in March 


With complete revision, this text covers the fundamentals of illumination ter- 
minology, illuminating devices, and engineering applications. In a rigorous 
discussion, it deals with the spectral and spacial interrelationships among the 
various entities at the source and receiver surfaces, and engineering methods 
of design for both interior and exterior illumination systems. New chapters 
are added on color and the interreflection method of design, a major advance- 
ment in the past decade. Emphasis is upon an engineering approach. 


PRACTICAL ELECTRICAL WIRING. New 4th Edition 
By H. P. Ricuter. 602 pages, $4.75 (textbook edition) 


Designed for the beginner, this book deals with the practical aspects of wiring. 
Beginning with fundamentals, it explains each step simply. Not intended for 
application to large industry, it covers basic principles, actual wiring (residential, 
farm, and non-residential), and presents reasons for methods, procedures, and 
ee — to enable the reader to solve many problems not specifically 
iscussed. 


SERVOMECHANISM ANALYSIS 


By Georce J. THAterR, U.S.N. Postgraduate School, and Rosert G. 
Brown, Senior Project Engineer, General Motors Corporation, Milwaukee, 
Wisconsin. McGraw-Hill Electrical and Electronic Engineering Series. 
Ready in January 


A new approach emphasizing analysis as preliminary to design, this text offers 

basic definitions and necessary background material: the Laplace transformation 

and equations of physical systems. A full and complete discussion follows, 

detailing mathematical methods for the analysis of servo systems. Special 

a include sections on Relay Servomechanisms and on the Root Locus 
et 


ELECTRICAL CODE DIAGRAMS. Volume |! 
By B. Z. SEGALL, Best Electrical Company, Inc. 346 pages, $12.50 


An illustrated guide on the latest National Electrical Code, this book presents 
each code rule with applicable diagrams to illustrate and clarify the approach 
for understanding. A blend of theory and practice, it includes background 
material to explain the reasons behind the rules. Although not intended as a 
— text, it indicates sources for further information on full background 
material. 


McGRAW - HILL 
330 West 42nd Street 
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ROUTE LOCATION AND SURVEYING. New 3rd Edition 


By T. F. Hicxerson, University of North Carolina. Ready in January 


The third of editions previously titled Highway Curves and Earthwork and 
Highway Surveying and Planning, this volume has been expanded to include 
transportation systems such as railways, canals, pipe lines, airways, etc. It is 
designed for use as a class text, field manual, or reference book in general 
engineering practice. Rational methods are stressed throughout. 


INTRODUCTION TO THE THEORY OF PLASTICITY FOR 
ENGINEERS 


By Oscar HorrMan, Case Institute of Technology and Grorce Sacus, 
Syracuse University. Ready in March 


A text stressing practical applicability, this volume offers an introduction to 
the fundamental concepts and applications of the theory of that branch of the 
mechanics of continua dealing with stresses and strains in ductile metals sub- 
jected to plastic flow. Applications are included to problems involving small 
and large plastic strains, and further application to the theory of metal forming 
processes is discussed. An excellent text for student or practicing engineer. 


DESIGN AND USE OF CUTTING TOOLS 
By Leo J. Sr. Crair, Cutting Tool Consultant. 437 pages, $7.00 


Highly practical in treatment, this book presents problems in selection, design, 
grinding, and use of machine cutting tools. Written in shopman language for 
easy understanding, it shows how to use cutting tools more efficiently and 
economically while consistently turning out better work. 


ENGINEERING MATERIALS 


By Irvine H. Cowprey, and E. L. BarTHoLoMEw, Jr., University of Con- 
necticut. Ready in January 


A basic text on materials, this book offers full discussions emphasizing in 
logical form the cause and effect behind the properties in relation to structure 
and processes. Photomicrographs are used throughout with accompanying 
detailed explanations. A great many recent advances are covered. Here is a 
fundamental analysis of various elements which affect the properties of ma- 
terials used by engineers, designers, and craftsmen. 


Send for copies on approval 


BOOK COMPANY 
New York 36, N. 
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RECURRENT ELECTRICAL TRANSIENTS 


by L. W. VON TERSCH, Assistant Professor of Electrical 
Engineering and Associate Engineer, Institute for Atomic 
Research, Iowa State College; and A. W. SWAGO, Lt. (jg) 
United States Naval Reserve. 


This book is a study of the basic concepts and circuits which are common 
to many of the fields of electrical engineering and physics. Mastery of such 
simple circuits as RC, RL, clipping, clamping, electrostatic sweep, magnetic 
sweep, trigger, and multivibrators allows one to do constructive work on 
such subjects as television, nuclear instrumentation, electronic computers and 
various aspects of industrial control equipment. 


In the Prentice-Hall Electrical Engineering Series, W. L. EVERITT, Editor. 
Approx. 400 Pages 53” x 83” To be published January, 1953 


ELECTRONIC ENGINEERING PRINCIPLES, 
Second Edition 


by JOHN D. RYDER, University of Illinois. 


This text is an analytical treatment that stresses the application of basic 
principles of electronics in all electrical engineering. New Edition gives a 
broader treatment of amplifiers by including all three basic types—grounded 
cathodes, grounded grid and cathode follower. There is a new chapter on 
solid-state electronics, and the sections on Feedback Amplifiers, general 
amplifiers and control of Thyratons have been expanded. 


In the Prentice-Hall Electrical Engineering Series, W. L. EVERITT, Editor. 
Approx. 400 Pages 6’ x0” To be published January 1953 


MECHANICS OF MATERIALS 


by EGOR P. POPOV, University of California (Berkeley) 


The sequence of topics in Popov’s MECHANICS OF MATERIALS has 
already proven outstandingly effective in training many sections of engin- 
eering students at Berkeley. Used since 1950 by all instructors giving the 
Mechanics of Materials course, this sequence has enabled students to master 
the subject with remarkable facility. At the end of the course they have 
been able to solve problems that have baffled students trained by the conven- 
tional sequence previously followed. On comparable examinations, the aver- 
age percentage grade of students trained according to the new plan has increased 
by 10% to 20%. 


In the Prentice-Hall Civil & Mechanical Engineering Series, N. M. 
NEWMAREK, Editor. 

Approx. 500 pages 6” x-9° 


Send for Your Copies Today 


PRENTICE-HALL, INC. 
70 Fifth Avenue New York II, N. Y. 


A COMPLETE 
PRINTING 
SERVICE ... 


GoopD PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For seventy-five years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS + BINDERS + ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 
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FOUNDATION ENGINEERING 


By Ratpu B. Peck, University of Illinois; E. 
Hanson, Illinois Division of Highways; and Tuomas H. Tuorn- 
BURN, University of Illinois. Fanuary 1953. Approx. 402 
pages. Prob. $6.75. This is the first elementary but compre- 
hensive book on foundation engineering since the advent of soil 
mechanics. It develops and utilizes knowledge of soil mechanics 
and, most important, takes account of the vast store of practical 
knowledge that forms the greatest asset of the foundation engi- 
neer. 


TEXTBOOK OF ENGINEERING MATERIALS 


By Me tvin Noro, Wayne University. 1952. 534 pages. $6.50 
Written specifically for a first course for all engineering stu- 
dents, this text presents the subject of engineering materials 
in a basic, coherent manner—rather than as a series of unrelated 
subjects. It coordinates and interprets scattered information, 
and schools the student early in his career in applying simple 
scientific concepts to engineering problems. 


VACUUM-TUBE OSCILLATORS 


By Wi.utam A. Epson, Georgia Institute of Technology. 
February 1953. Approx. 475 pages. Prob. $8.50. This is the 
first book to present a balanced treatment of the design and 
operation of vacuum tube oscillators. It treats the major 
factors affecting the behavior of these devices in a thorough and 
systematic manner and stresses two important facts throughout: 
the behavior of oscillators is predictable and circuits can and 
should be designed to meet specific needs. 


NUMERICAL SOLUTION 
OF DIFFERENTIAL EQUATIONS © 


By Witt1am Epmunp MItne, Oregon State College. February 
1953. Approx. 286 pages. Prob. $6.00. An elementary text 
containing many worked-out examples, this new book acquaints 
the student with some of the principal techniques available for 
the numerical solution of ordinary and partial differential equa- 
tions, and shows the computer how to estimate the accuracy 
obtained in many of the most important applications. 


Write Today for Your Examination Copies. 


See back cover for news of another Wiley book 


JOHN WILEY & SONS, Inc., 440 Fourth Ave., New York 16, N.Y. 
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Ready for Examination 


2ND EDITION—EBAUGH’S 


ENGINEERING 
THERMODYNAMICS 


By NEWTON C. EBAUGH 


CONSIDERABLY EXPANDED AND NOW ADAPTABLE TO A ONE-SEMESTER, 
TWO-SEMESTER OR THREE-QUARTER COURSE 

This SECOND EDITION retains the overall purpose of the first, i.e., to 
set forth and explain the elementary essentials of thermodynamics as they 
apply to much of our modern industrial equipment. Rapid advances have 
been made both in the fundamental data and in the applications 
of thermodynamics. These developments are incorporated in 
the new edition, with unusual thoroughness. 


398 pp.——6 x 9 Tlustrated——Cloth——$5.75 


PHYSICAL METALLURGY 
| FOR ENGINEERS 
By DONALD S. CLARK and WILBUR R. VARNEY 


SPECIAL FEATURES INCLUDE: A good fundamental treat- 
ment of the crystalline structure of metals and phase diagrams. 
Detailed information of specific alloys of a class, after first treat- 
ing the class as a whole. An excellent discussion of the function 
of alloying elements in steel and their effects. Steel selection 
based on hardenability. Over 300 illustrations including photo- 
micrographs. A wealth of tables for a condensed presentation 
of useful reference data. Appendices which include steel compo- 
sitions, hardenability bands for alloy steels, and end-quench curves 
serving as a basis for the solution of assigned problems. Ques- 
tions for student testing and study aid. 


567 pp.——6 x 9——Illustrated——Cloth——$6.50 


‘NEW THIRD EDITION—HAYWARD’S 
OUTLINE OF METALLURGICAL PRACTICE 
By CARLE R. HAYWARD 


Numerous changes in text material; in fact much 

complete rewriting. There are now over 100 new 
illustrations—Chapters on Uranium and Titanium 

have been added—Many new processes are fea- 

tured and described—Numerous tables are 

included providing up-to-date data on plant opera- 

cial operations in the new edition. Fora gen Dey ce: 
metallurgy at junior or Publishers Since 
senior level. 


728 pp.—6 x 9—Illus. —Cloth—$7.50 
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READY IN MARCH 
Devoted strictly to elements 


MECHANICS OF MATERIALS 


By Se1pert FarrMANn and CHeEsTer S. 
Mechanics, Purdue University. 


Prod. $5.50. Approx. 392. pages. 


Designed specifically for those courses to which 
students come with a wide variety of aims, back- 
grounds and abilities. Thorough but not excessively 
theoretical, it imparts a sound understanding o 
elements by a thorough training in the use of basic 
principles. 


Six outstanding features: 


1) Numerous illustrative examples, completely 
solved, to aid the student in learning how to apply 
the principles 

2) A more thorough explanation and illustration of 
the application of the area-moment method in con- 
nection with both statically determinate and stati- 
cally indeterminate beams than is found in most 
other books 

3) A more thorough and systematic treatment of 
combined stresses than is offered in most books 

4) A treatment of columns designed to give the. 
student a better understanding m4 the basic theory 
and its connection to the development of the em- 
pirical formulas used in practical design 

5) A large selection of problems to be solved by the 
student—over 700. Some of these problems are 
grouped at the ends of the specific articles on which 
they are based; the others are grouped at the ends 
of chapters and are often more general in nature or 
of a higher order of difficulty 

6) Elimination of certain advanced topics, included 
in many elementary books, which are primarily 
applications to some special field and are usually 
treated to better advantage in subsequent design 
courses—for example, structural connections, rivet- 
ing of plate girders, shear flow, etc. 


Reserve Examination Copies NOW ‘ 
For news of other Wiley books, see page 16. 


JOHN WILEY & SONS, Inc., 440 Fourth Ave. New York 16, N.Y. 
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